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PREFACE. 

The  Federal  Bureau  of  Mines  began  its  work  on  the  reduction  of 
metal  losses  in  melting  nonferrous  metals  and  the  improvement  of 
conditions  affecting  the  health  and  safety  of  the  workmen  in  the 
nonferrous  industries  in  1911. 

The  electric  furnace  at  once  suggested  itself  as  a  promising  means 
of  reducing  metal  loss  and  improving  working  conditions.  No  elec- 
tric furnace  suitable  for  melting  brass  was  then  in  existence.  The 
bureau  promptly  began  to  study  the  problem  experimentally  and  to 
encourage  brass  melters,  electric- furnace  designers,  and  electric  gen- 
erating stations  to  study  it  also. 

Since  that  time  a  great  amount  of  experimental  work  on,  and  com- 
mercial development  of,  electric  brass  furnaces  has  been  done  by 
different  groups  commercially  interested,  as  well  as  by  the  bureau, 
with  the  result  that  electric  melting  has  been  found  to  give  the  ad- 
vantages expected,  and  to  be  industrially  desirable;  it  is  acknowl- 
edged to-day  to  be  usually  the  best  and  cheapest  way  to  melt  brass 
and  many  other  nonferrous  alloys.  Apparently  it  is  only  a  matter 
of  a  few  years  before  more  brass  will  be  melted  by  electricity  than 
by  fuel.  The  electric  furnace  bids  fair  to  become  the  standard  type 
for  brass  melting. 

The  present  report  is  published  to  record  the  progress  so  far  made 
in  melting  brass  electrically;  to  aid  the  plants  which  have  not  yet 

taken  up  such  melting  by  pointing  out  the  types  of  furnaces  avail- 
able, describing  their  performance  and  indicating  their  possibilitie^' 
and  their  limitations;  and  to  encourage  further  experimentation 
with  and  the  development  and  installation  of  electric  brass  furnaces. 


ELECTRIC  BRASS  FURNACE  PRACTICE. 


By  H.  W.  GiLLETT  and  E.  L.  Mack. 


IKTEODUCTION. 

HISTORICAL  REVIEW. 

Prior  to  1911  the  literature  on  melting  brass  by  electricity  con- 
sisted entirely — ^save  for  some  suggestions  made  in  patent  literature 
but  not  actually  worked  out — of  a  few  observations  by  f arseeing  men  ^ 
on  the  theoretical  advantages  of  melting  brass  and  other  non ferrous 
eJloys  in  electric  furnaces. 

Roeber  was  the  first  to  see  and  clearly  state  the  possible  advantages 
of  the  electric  furnace  in  brass  melting.  The  same  factors  that  make 
it  desirable  to  manufacture  special  steels  in  the  electric  furnace 
rather  than  in  crucibles,  he  declared,  apply  to  brass  as  well.  He 
pointed  out  the  possibility  of  using  larger  melting  units,  of  elimi- 
nating crucible  cost,  of  readily  controlling  the  purity  of  the  product, 
and  of  nearly  eliminating  the  loss  of  zinc.  "  The  replacement  of  the 
old  crucible  process  is  sure  to  come,"  he  said;  "perhaps  it  will  come 
in  two  years,  but  it  will,  necessarily,  in  ten  years.  .  .  .  The  in- 
evitable advance  along  this  industrial  line  will  have  great  influence 
in  the  metal  world  and  will  also  provide,  in  large  cities,  a  new  kind 
of  load  for  the  central  station." 

The  years  1905  to  1910  may  be  termed  the  purely  theoretical 
period  of  the  development  of  the  electric  brass  furnace,  though  the 
Conley  furnace  was  tried  out  experimentally  about  1910  and  a  few 
heats  were  made  in  an  induction  furnace.^ 

In  December,  1911,  the  American  Chemical  Society  held  a  sympo- 
sium on  mineral  wastes,  at  which  Baasett  *  discussed  the  zinc  losses 
that  attend  making  brass  in  fuel-fired  furnaces. 

>  Roeber,  E.  F.,  Manufacture  of  brass  in  the  electric  furnace :  Electrodiem.  and  Met. 
Ind.,  vol.  3.  1005,  p.'^4;  Moldenke,  B.,  Electric  furnaces  for  the  foundry:  Eleclrochem. 
and  Met.  Ind.,  toI.  1,  1909,  ik.  160 ;  Krom,  L.  J.,  Development  of  meltinsr  furnaces :  Mctai 
lod.,  vol.  7,  1900,  p.  287 ;  Bra^gt  C.  T..  Modern  brass-foundry  progress :  Trans.  Am.  Brasa 
Founders*  Assn.,  vol.  4,  1910,  p.  43;  Richards,  J.  W.,  Electric  furnacea  in  nonferrous 
metallurgy :  Met.  and  Chem.  Eng.,  vol.  S,  1010.  p.  238. 

*  Rowlands,  T.,  Induction-furnace  progress :  Trans.  Am.  Electrocfaem.  Soc,  vol.  17, 1010, 
p.  103. 

*  Basoett,  W.  H.,  Zinc  losses :  Jour.  Ind.  and  Eng.  Chem.,  vol.  4,  1912,  p.  104. 
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In  the  discussion  of  tliis  paper,  Parsons*  pointed  out  that  in  a 
closed  electric  furnace  zinc  losses  should  be  minimized,  and  said  that 
the  Bureau  of  Mines  was  planning  to  take  up  the  question  of  electric 
furnaces  for  melting  nonferrous  alloys. 

About' this  time  several  electric  furnaces*  were  advertised,  advo- 
cated, or  suggested  for  melting  brass,  seemingly  either  on  the  basis  of 
tests  with  zinc,  on  the  basis  of  a  run  or  two  on  copper,  or  on  even  less 
experience,  except  for  the  Hering  furnace. 

None  of  these  furnaces  are  now  prominent  in  the  brass  industry, 
although  the  jfinal  outgrowth  of  Clamer's  work  with  the  Hering  fur- 
nace was  the  Ajax-Wyatt  furnace,  a  type  of  great  commercial  im- 
portance. 

Bensel  ®  gave  in  1912  the  results  on  a  few  runs  on  brass  in  a  small  ex- 
perimental laboratory  furnace. 

Various  small-scale  tests  were  made  with  different  types  of  fur- 
naces by  different  experimenters  in  1913  without  any  notable  progress 
resulting.  The  period  1911  to  1913  may  be  termed  the  early,  small- 
scale  experimental  period  of  the  electric  brass  furnace. 

Late  in  1913,  in  1914  and  1915,  experiments  began  with  fair-sized 
furnaces  under  foundry  conditions,  the  Rennerfelt  being  tested  in 
Sweden,  the  Helberger,  Hering,  and  two  early  forms  of  the  Baily. 
the  Ajax-Wyatt,  a  Snyder  crucible  lift-out,  and  a  Hoskins  crucible 
lift-out,  in  the  United  States.  Of  these  only  the  Rennerfelt  and 
Ajax-Wyatt  survived.  The  years  1913  to  1915  comprised  the  period 
of  early  larger-scale  experiments. 

Early  in  1916  the  Ajax-Wyatt  reached  a  close  approximation  to 
its  present  form  and  began  to  melt  brass  commercially.  At  the  same 
time  a  small  Snyder  direct-arc  furnace  gave  promising  results  on 
leaded  bearing-bronze  and  was  the  precursor  of  an  installation  of 
two  1-ton  Snyder  furnaces  which  began  commercial  production  later 
in  the  vear. 

The  present  form  of  the  Baily  furnace  began  to  melt  commer- 
cially "  Lumen  "  metal,  an  alloy  containing  85  per  cent  zinc,  with 
occasional  tost  runs  on  brass.     The  General  Electric  furnace  was 

*  rarsons,  C.  L.,  DlscQSslon :  Metal  Ind.,  vol.  10,  1912,  pp.  24(^241 ;  see  also  Tareons, 
r.  L,,  Notos  on  ralnerni  wastes:  Bull.  43,  Biircnu  of  Mlnew,  1912,  p.  20. 

■Anonymous,  Tho  Helberxer  furnacr:  Metal  Ind.,  vol.  9,  1011,  p.  212;  advertinemetitA ; 
Rep  also  Wilo,  R.  S..  An  electric  furnace  for  treatment  of  tin  dross,  concentrateH,  and 
other  metalUirgrical  work:  Met.  and  Chem.  Eng.,  vol.  10,  1912,  p.  495;  WeekM,  C.  A.. 
:^r*'1tln^  nonferroufl  metnis  In  an  electric  furnace:  Met.  and  Chem.  Eng.,  vol.  9,  1911,  p. 
:{«:<;  ?ie<>  also  Hansen,  C.  A.,  Electric  melting  of  copper  and  brassj  Trans.  Am.  Inst,  of 
Metals,  vol.  6,  1912.  p.  110 ;  Clamer,  O.  11.,  and  Hering,  C,  The  electric  furnace  for  brajn 
melting:  Trans.  Am.  Inst.  Metals,  vol.  6,  1912,  p.  99;  Thomson -Fitzgerald,  F".  A.  .T. 
A  new  electric  resistance  furnace:  Trans.  Am.  Electrochem.  Soc,  vol.  19,  1911,  p.  28-^. 

'  BenMel,  F.,  Versuche  Kur  Vermlnderung  der  Metatl-verluste  beim  MesslngBchmelzen  *. 
Metallurgle,  vol.  9,  1912,  p.  533.  Abstracted  fn  Chem.  Abs.,  vol.  6,  1912,  p.  3256;  Jour. 
Sfw.  Chem.  Ind.,  vol.  31,  1912,  p  ft79 ;  Journal  Inst.  Metals  (Britlflh),  vol.*  8,  1912,  p, 
'ATtii:  Jour.  Franklin  Inst.,  vol.  175.  1913,  p.  150. 
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melting  on  a  semicommercial  scale  at  Schenectady,  and  experimental 
melting  was  done  with  the  Foley  furnace. 

In  1917  came  the  installation  in  this  country  of  commercial 
Eennerfelt  furnaces  for  brass  and  bronze,  marked  extension  of  the 
use  of  the  Ajax-Wyatt  and  the  Baily,  a  trial  of  the  General  Electric 
at  a  Chicago  plant,  and  a  foundry-scale  test  of  a  rocking  furnace. 

By  the  end  of  1918  three  types  of  furnaces — the  Ajax-Wyatt,  the 
Baily,  and  the  rocking  furnace — ^had  forged  ahead  and  were  doing 
the  bulk  of  the  commercial  electric- furnace  melting. 

Table  1  shows  the  nmnber  of  active  furnaces '  installed  or  being 
installed  for  melting  brass  and  bronze  on  January  1, 1922. 


Table  1. — Electric  furtiaces  in  active  commercial  vse  or  being  installed  for 

nofiferrous  allays  in  the  United  States,  Jan,  1,  1922, 

DIBECT-ARC  FURNACES. 


Make. 

No. 

2 

1 
1 
1 
3 
2 

User. 

Alloy. 

Capac- 
ity tons 
per  heat 
per  fur- 
nace. 

Total 

capao- 

Uy 

tons. 

4 

i 
1 

2 

Total 
kw. 

rating. 

Total 
kw. 

Heroult « 

Greaves  -  Etch- 

eU. 
Snyder 

Driver-Harris  Co.,  Harrison, 

N.J. 
Hoskins  Manufacturing  Co., 

Detroit.  Mich. 
Monel   Metal  Products  Co., 

Bayonne,  N.  J.c 
Chronaltic  Tool  Co.,  Chicago, 

Haynes  Stellite  Co.,  Kokomo, 

Ind. 
Chicago  Bearing  Metal  Co., 

Chicago,  lU. 

Nickel  alloys 

do 

Monel 

2 

i 
i 
i 

i 

1 

800 
300 
100 

eo 

60 
400 

M,600 
0300 
<f  100 

Cobalt-chro- 
mium. 
do 

<(60 
ii240 

Leaded  bronze.. 

'800 

Tout         .  .   . 

10 

Number  of  users,  6.                  1 

7.5 

1 
1 

2,100 

STATIONARY  INDIRECT-ARO  FURNACES. 


Bcnnerfelt/. 


91 

1 
1 
1 

1 

1 
1 
1 


Chicago  Bearing  Metal  Co.,     Leaded  bronze.. 

Chicago,  lU. 
U.  S.  Mint,  Philadelphia,  Pa..  Bronte  and  silver 

do do 

U.  S.  Mint,  San  Francisco,  do 

Calif. 
Bausch   Machine   Tool  Co.,    Hardeners   for 

Springfield ,  Mass .  aluminum . 

HardJte    Metals   Co.,    Long    Nlckel-chro- 1 

Island  City,  N.  Y.                      mium. 
Qorham  Manufacturing  Co.,  '  Silver 

Providence,  R.  I.                  , 
Skagit  Iron  &  Steel  Co.,  Sedro  •  Bfonze 

Wooley,  Calif.  i 


1 

300 

i 

1 

150 
300 
125 

100 

1 

150 

100 

300 

*300 

<150 

<300 

125 

100 

150 

*100 

*300 


g  Another  Heroult  ftunace  melting  nickel  alloys  is  installed  at  Hiram  Walker  Metal  Products  Co.,  Walker- 
^e,  Ontario,  Canada. 

6  Three-phase  automatic  control. 

«  Aoa>rmng  to  an  editorial  in  Foundry  (vol.  49, 1021,  p.  583).  a  Moore  furnace  (size  not  given)  has  recently 
been  ordered  for  the  International  Jiickel  Co.,  Huntix^;ton,  W.  Va.,  for  melting  Monel  metal. 

d  Single  phase. 

<  Single  phase,  automatic  control. 


/  A  Hon  100-kw.  Ronnerfdt  for  melting  Monel,  bronze,  and  brass  up  to  22  per  cent  zinc  ts  installed  as 
!ie  Q«clin^Brass  Foundry  Co.,  Kalamazoo,  31ich.,  but  has  not  been  m        '     * 
of  power  shortage. 


the  Q^rUin^Brass  Foundry  Co.,  Kalamazoo,  Mich.,  but  has  not  been  m  service  for  some  time  on  account 


g  A  second  1-ton  Rennerfelt  at  this  plant  has  been  made  over  into  a  Re-pel-arc  furnace. 

ft  Two  phase. 

<  Two  phase;  nose  tilting  and  automatic  contrd. 
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Table  1. — Electric  fumaoes  in  active  commercial  use,  etc, — Continued, 

STATIONARY  INDIRECT-ARC  PURNAC£S*>4>(mtiim«d. 


Make. 

No. 
2 

14 

User. 

Attoy. 

Capac- 
ity tons 
per  heat 
perftji^ 
nace. 

Total 

capao- 

iJy 

tons. 

Total 

kw. 

rating. 

Total 
kw. 

R»-peI-aroJ 

Chicago  Bearing  Metal  Co., 

Chicago,  111. 

Crane  Co. ,  Chicago,  111 

Sandusky  Foundry  &  Machine 

Co.,  Sandusky,  Ohio. 
Manning,  Maxwell  &  Moore, 

Inc.,  Bridgeport,  Conn. 
Bridgeport  Brass  Co.,  Bridge- 

pOTt,  Conn. 

Leaded  bronze.. 

Moneland  bronze 
Bronze.......  .. 

1 

1 

450 

50 
50 

50 

t450 

*100 
t50 

do 

*50 

do 

70 

km 

I 

Total 

Number  of  users,  11. 

7.1 

2,245 

MOVING  INDIRECT-ABC  FIRN ACES-SINGLE  PHASE.* 


Detroit  rocking. 


2 

2 

2 

1 

1 

5 

2 

1 

1 

4 

1 

8« 

1 

1 
1 


1 

1 

1 

2 

4 

2 

1 

1 
8 


Aluminum  Manufacturing  Co., 
Inc.,  Detroit,  Mich. 

American  Bushing  Corp. 
MarysviUe.  Mich. 

American  Manganese  Bronze 
Co.,  Holmesburg,  Pa. 

American  Metal  Products  Co., 
Milwaukee,  Wis. 

Bethlehem  SnipbuUding  Co., 
Redingtox),  Pa. 

C.  B.  Bonn  Foundry  Co.,  De- 
troit, Mich. 

Bound  Brook  Oilless  Bearing 
Co.,  Botmd  Brook,  N.J. 

Bridgeport  Brass  Co.,  Bridge- 
port, Conn. 

Chapman  Valve  Mfg.  Co.,  In- 
dian Orchard.  Mass. 

Chase  Metal  Works,  Water- 
bury,  Conn. 

Cleveland  Brass  A  Copper  Roll- 
ing Mills,  Cleveland,  Ohio. 

Detroit  Copper  and  Brass  Roll- 
ing Mills.  Detroit,  Mich. 

Detroit  Lubricator  Co.,  Detroit, 
Mich. 

Ford  Motor  Co.,  Detroit,  Mich. 

Ford  Motor  Co.,  River  Rouge, 
Mich. 

General  Aluminum  &  Brass 
Manufacturing  Co~  Detroit, 
Mich. 

General  American  Tank  Car 
Corp.,  Chicago,  III. 

Lumen  Bearing  Co.,  Buffalo, 
N.  Y. 

Hills,  McCanna  Co.,  Chicafo, 
111. 

Michigan  Lubricator  Co.,  De- 
tr^,  Mich. 

liichigan  Smelting  &  Reflnlng 
Co..  Detroit,  Mich. 

Mueller  Metals  Co.,  Port  Huron 
Mich. 

Oregon  Brass  Works,  Port- 
land, Oreg. 

do 

Parbh  Pool  Ca,  Cleveland, 
Ohio. 


Brass  and  bronze 

do 

do 

Bronze 

Brass  and  bronze 

Brass,  bronze, 
and  aluminum 
Bronze 


Bronze  and  cop- 
per. 
Brass  and  bronze 


Brass 

do 

do 

Brass  and  Ivonze 


.do., 
.da. 


.do. 


....do 

....do 

do 

do 

do 

Brass 

Brass  and  bronze 


.do. 
.do. 


a 

300 

2 

800 

3 

300 

i 

150 

1 

800 

5 

300 

1 

150 

1 

300 

1 

125 

4 

300 

1 

300 

8 

300 

1 

800 

1 
1 

800 
800 

2 

300 

1 

150 

i 

150 

i 

75 

2 

300 

4 

300 

2 

800 

1 

300 

1 

150 
300 

1 

600 
600 
600 

tnl60 
300 

1,500 
300 
300 
125 

1,200 

300 

02,400 

TO300 

300 
300 

600 

150 

P150 

75 

600 
1,200 

600 

800 

150 
ffOOO 


/  The  repellint«ro  furnace  may  be  operated  either  as  direct  or  indirect  arc  f^imace. 
^  Three  phase. 

I A  three-phase  oscillating  indirect-arc  furnace,  the  Volta,  has  been  tried  out  in  a  1-ton  3eo-kw.  sIm 
iium  Bronse  Co. .  Niaxara  Falls .  but  that  firm  has  ceased  operations .   A  demonstration  furnace 

Three  furnaces,  of  1,  i,  and  |  too 


Being  installed. 
"  Six  installed,  two  being  installed, 
o  Direct  pouring  furnaces, 
p  Automatic  control. 
9  Two  direct  pouring. 


HISTOBICAL. 
Table  1. — Electric  furnaces  in  active  commercial  nse^  etc, — Continued. 

MOVING  INDIRECT— ARC  FURNACES— SINGLE  PHASE— Continued. 


Make. 

No. 

1 
1 
3 
1 

1 
1 
1 

User. 

Alloy. 

itj^s  Total 

perfur-     "^ 
nace.  ,  ^**"^' 

1 

Total 

kw. 

rating. 

Total 
kw. 

Detroit  rocking. 

Standard  Undererocind  Cable 
Co.,  Perth  Amboy,  N.  J. 

Storm  Peak  Potash  Co.,  Den- 
ver, Colo. 

Sherwood  Brass  Works,  De- 
troit, Mich. 

Rochester,  N.  Y. 

M.  Smolensky  Manufacturing 
Co.,  Cleveland,  Ohio. 

White  &  Bros.,  Philadelphia, 
Pa. 

Wheeler  Condenser  &  Engi- 
neering Co.,  Carteret,  N.  J. 

Brass  and  cop- 
per. 
Aluminum 

Brass  and  bronee 

Brass 

li         li 

1 

1      1       3 

1      1        1 

300 
150 
300 
300 

r300 
150 
900 
300 

4             i             75 
1             1             300 

1             1      1        300 

1               j 

75 

Brass  and  bronze 

30 
300 

Total''" 

(H) 

Number  of  users,  30. 

54.4  1 

16,325 

Booth* 

a 

1 

1            3             300 
I            2              180 

900 

4 

• 

720 

25 
8 

40 
100 

t 

i           6i            125  '      9,i25 
2               75  1         600 

* 1 

•          .      ..    . 

1 

Total 

NiinihAr  nf  iijiers  of  Booth 

13i 

5,345 

furnaces,  35  to  40. . 

Number  of  users  of  type, 
about  65. 

» 

Total  for  type.. 

67.6 

21,670 

1 
i 

REFLECTED-HEAT  FURNACES. 


Bally. 


1 

1 

1 
1 

1 

1 

1 

1 

1 

2 

2 

2 

1 

1 

1 


Chapman  Valve  Co.,  Spring- 
field, Mass. 

Coppus  Engineering  &  Equip- 
ment Co.,  Worcester.  Mass. 

Claus  Auto  Gas  Cock  Co.,  Mil- 
waukee, Wis. 


, . .  .do . . . 

do.. . 

...do... 
...do... 
...do... 
...do... 
...do... 
...do... 
...do... 
...do... 
...do... 


Acheson  Manufacturing  Co.,  '  Brassand  bronze 
Rankin,  Pa.  1 

Akron  Bronze  &  Aluminum  , do 

Co.,  Akron,  Ohio. 

do do 

Allis  Manufacturing  Co.,  Mil-  do 

waukee.  Wis. 

Alliance  Brass  &  Bronze  Co., 
Alliance,  Ohio. 

American  Hardware  Corp., 
New  Britain,  Conn. 

Anaccmda  Copper  Mining  Co., 
Butte,  Mont. 

Atlas  Brass  Work8,C6lumbu8, 
Ohio. 

Bagley  &  Sewall  Co.,  Water- 
town.  N.  y. 

Buick  Motor  Car  Co.,  Flint, 
Mich. 

Burlington  Brass  Works,  Bur- 
lington, Wis. 

Capitol  Brass  Co.,   Detroit, 
Mich. 


105 

105 

50 
50 

75 

105 

105 

105 

50 

H 

105 

H 

105 

li 

106 

106 

m 

105 

75 

105 

105 

50 
50 

75 
105 
105 
105 

50 
210 
210 
210 
105 
105 

75 


T  Direcst  pouring,  standard  furnace,  lined  for  larger  charge. 

n  Since  this  table  was  put  in  type  the  Fora  Motor  Co.  is  reported  to  have  ordered  five  more  1-ton 
300  kw.  Detroit  rocking  furnaces,  all  having  automatic  control. 

«  The  number  of  furnaces  of  eadb  size  is  given  according  to  information  supplied  by  the  makers  of  the 
furnace.  The  number  of  active  furnaces  may  be  less,  as  ft  is  impossible  to  check  up  the  full  list  of  users, 
because  it  is  not  given  out  by  the  makers.  Among  the  users  are  Bridgeport  Brass  Co.,  Bridgeport, 
Conn.:  Cleveland  Brass  Co.,  Cleveland,  Ohio;  Dearborn  Brass  Co..  Cedar  Rapids,  Iowa:  Dallas  City 
Foundry  Co.,  Dallas  Citv,  111.;  Fulton-Harwood  Brass  Works,  South  Bend,  Ind.;  National  Bronze  and 
Aluminum  Foundry,  Cleveland,  Ohio;  Michigan  Smelting  and  Refining  Co.,  Detroit,  Mich.;  Muskegon 
Aluminum  Foundry  Co.,  Muskegon,  Mich.;  Vale  &  Towne,  Stamford,  Conn.;  Hill  Pump  Valve  Co., 
Chicago,  lU.;  Nordyke  <Sc  Marmon  Co.,  Indianapolis,  Ind.;  Prime  Manufactuxinig  Co.,  Milwaukee,  Wis. 
Some  of  the  Booth  furnaces  have  automatie  control. 

68723'— 22 2 


ELECTRIC  BRASS  FURNACE   PRACTICE. 
Tabijc  1. — Electric  furnaces  in  active  commercial  use,  etc. — Continued. 

REFLECTED-HEAT  FURNACES--Contlniied. 


Make. 


Baily. 


2 
1 
3 

1 

1 

1 

1 

1 
1 

1 

1 

2 

1 
1 

4 

1 

1 

1 
1 
3 

1 

3 

3 

1 

1 

1 

1 

1 

1 

1 

1 

5 

1 

1 

2 

1 
1 
1 
1 


I  Being  installed. 
»  Ncne  tilting. 


No. 


User. 


Dayton  Engineering  Labora- 
tories Co.,  Dayton,  Ohio. 

do 

Deming  Co.,  Salem,  Ohio 

Detroit  Brass  Works,  Detroit, 
Mich. 

Drew  Electric  &  Manufactur- 
ing Co.,  Cleveland,  Ohio. 

Evinrude  Motor  Co.,  Milwau- 
kee Wis. 

Flood  City  Mannlactaring  Co., 
Johnstown,  Pa. 

Havs  Manu&cturing  Co.,  Erie, 

ICayline  Co.,  Cleveland,  Ohio. . 

Oscar  Krenz  Copper  &  Brass 
Works,  San  Francisco.  Calif. 

Kennedy  Valve  Co.,  Elmira, 
N.Y. 

Landers,  Frary  &  Clark,  New 
Britain,  Conn. 

Lumen  Bearing  Co.,  Buffalo, 
N.Y. 

do 

Miller  Pasteurizing  Machine 
Co..  Canton.  Ohio. 

Michigan  Smelting  &  Refining 
Co.,  Detroit,  Mich. 

A.  Y.  McDonald,  Co.,  Dubu- 
que, Iowa. 

McKenna  Brass  Works,  Pitts- 
burgh, Pa. 

I  ....do 

Metric  Metals Co^  Erie,  Pa... . 

McRae-Roberts  Co.,  Detroit, 
Mich. 

W.  A.  Mills,  Port  Chester, 
N.  Y. 

H.  Mueller  Manufacturing  Co. 
Decatur,  111. 

Nolte  Brass  Co.,  Springfield, 
Ohio. 

Oro  Metals  Co.,  Los  Angeles, 
CaUf. 

H.  Ome  &  Sons,  St.  Paul, 
Minn. 

Penberthy  Injector  Co.,  De- 
troit, Mich. 

Pittsburgh  Valve  A  Fixture 
Co.,  Barberton,  Ohio. 

Chas.  D.  Reeve  Co.,  Grand 
Rapids,  Mich. 

Regent  Brass  Works,  Ma^rs- 
ville,  Ohio. 

Rundle  Manufacturing  Co., 
Milwaukee,  Wis. 

Springfield  Brass  Works, 
Springfield,  Ohio. 

Standard  Sanitary  Co.,  Louis- 
ville, Ky. 

Sperry  Oyrofloope  Co.,  New 
York.  N.Y. 

S.  H.  Thomson  Manufacturing 
Co.,  DhyUm.  Ohio. 

Union  Brass  &  Metals  Manu- 
facturing Co.,  St.  Paul, 
Minn. 

Union  Screen  Plate  Co.,  Fitch- 
burg,  Mass. 

U.  S.  Copper  Products  Co., 
Glevelana,  Ohio. 

U.  S.  Navy  Yard,  Washing- 
ton, D.C. 

U.  S.  Smelt.,  Ref.,  and  Min- 
ing Co.,  Boston,  Mass. 


Alloy. 


AliintlTinin 


Brass  and  bronce 

do 

Brass 


Brass  and  bronze 
do 

Brass 


Brass  and  bronze 
do 


do 

Aluminum 

Brass  and  bronze 

Lumen  metal.. 
Brass  and  bronze 


Capac- 
ity tons 
per  heat 
per  fur- 
nace. 


Brass 

Brass  and  bronze 
do 


.do. 
.do. 
.do. 


I  •  •  •  •  ^LU  «  •  ■   >  ■  • 

....do 

....do 

....do 

....do 

....do 

....do 

...  .do 

....do 

....do 

....do 

....do 

....do 

«  «  •  «UO  •  •    m   •  «  •  < 

....do 


..  ..do 

Brass 

Brass  and  bronze 


f 

I 

i 

f 

I 

\ 

f 
I 
i 

I 

} 
I 
f 
i 
i 
f 
1 
i 

h 

t 

i 
I 

i 
f 
i 

h 


Total 
capac- 

tons. 


J 


I 


31 


Total 

kw. 

rating. 


105 

50 

50 

105 

105 
75 
75 

105 

50 
75 

105 

50 

105 

105 
50 

105 

105 

105 

50 

75 

105 

76 
105 
105 
105 

75 
105 
105 

50 
105 

76 
105 
105 

75 

50 
105 

75 
105 
105 

75 


Total 
kw. 


106 

100 

50 

315 

105 
75 
75 

105 

50 
«76 

105 

50 

210 

105 
50 

420 

105 

105 

50 

75 

315 

75 

f315 

315 

105 

75 
105 
105 

50 
105 

75 
105 
525 

75 

50 
210 

75 
«105 
tilOS 

75 


HISTORICAL. 
Table  1. — Electric  furnaces  in  active  commercial  use,  etc. — Continueil. 

REFI.ECTED-HEAT  FURNACES— Continued. 


Make. 


Baily. 


No. 


1 

I 

2 
1 
1 
1 


Total  V 


General    Elec- 
tric. 


Total. 


83 


1 
1 
1 

1 
1 

1 

1 


User. 


Alloy. 


Utica  Valve  <&  Fixture  Co., 
Utica,N.Y. 

Westin^house  Electric  Manu- 
facturing Co.,  East  Pitts- 
burgh, Pa. 

West  Virginia  Metal  Products 
Co.,  Fairmont,  W.  Va. 

White  &  Bros.,  Philadelphia, 
Pa. 

Jk  B.  Wise,  Inc.,  Watertown, 
N.Y. 

Wolverine  Brass  Works, 
Grand  Rapids,  Mich. 


Brass  and  bronze 
do 


..do.. 

.^.do.. 

..do.. 

..do.. 


Number  of  users,  57 , 


^Bd 


Aluminum. 
do 


General  Electric  Co.,  Schenec- 
tady, N.  Y. 

do , 

do I  Brassand  bronze 

McNab  <Ie  Harlin  Manufactur-    "  Aterlte" 
ing  Co.,  Paterson,  N.  J. 

U.  S.  Copper  Products  Co., 

Cleveland,  Ohio. 
Ohio  Brass   Co.,   Mansfield, 

Ohio. 


U.  8.  Navy  Yard,  Washing- 


ton 


.  Navy 

,  D.  C 


8  '.  Number  of  users,  5 . 


Rennerfelt    re- 
verberatory. 


do 

Brass  and  cop- 
per. 
Brass  and  bronze 


do.. 


Total  for  type. 


1  I  Chicago  Faucet  Co.,  Chicago, 

I      lU. 


92  I  Number  of  users,  62 . 


Capac- 
ity tons 
per  heat 
per  fur- 
nace. 


I 

i 

I 
i 


Total 
capac- 
ity 
tons. 


tV 


It 

U 


f 

i 

k 


Total 
kw. 

rating 


5.75 


57 


105 
50 

105 

105 

75 

50 


400 
iOO 

400 

400 


76 


Tota 
kw. 


105 
50 

u210 

105 

7S 

50 


400 
400 

400 

400 


2,375 


75 


9,730 


VERTICAL-RING  INDUCTION  FURNACES— SINGLE  PHASE. 


AJax-Wyatt... 


3     AJax  Metal  Co.,  Philadelphia, 
'      Pa. 

1   do 

32  ,  American  Brass   Co.,  Water- 
bury,  Conn. 
24     American  Brass  Co.,  Kenosha, 

Wis. 
24     American  Brass  Co.,  Torring- 

ton,  Conn. 
1  !  American  Hardware  Co.,  New 

!      Britain,  Conn. 
6     Baltunore  Tube  Co.,  Balti- 
more, Md. 
17  '  Bridgeport  Brass  Co.,  Bridge- 
port, Conn.  u> 

6    do 

1     Buick  Motor  Car  Co.,  Flint, 

,      Mich. 
26    Chase  Rolling  Mill  Co.,  Wa- 
I     terburv,  Conn. 

1  (  Crane  Co.,  Chicago,  111 

1  1  Erie-Buffalo  Tube  Co.,  Erie, 

I     Pa. 
1  <  General   Electric  Co.,   Sche- 

I     nectady,  N.  Y. 
1  1  Haines,   Jones   &   Cadbury, 

I     Philadelphia,  Pa. 
6    National  Conduit  &.  Cable  Co., 
I       I      Hastings,  N.  Y. 


YeUow  brass . 


.do. 
.do. 


...do. 
...do. 


Yellow  and  red 

brass. 
Yellow  brass.... 


.do. 

.do. 
.do. 

.do. 


Red  brass.... 
Yellow  brass. 


....do 

Red  brass 

Yellow  brass . . . 


k 

h 

\ 

h 

16 

\ 

12 

\ 

12 

\ 

i 

h 

3 

i 

6| 

\ 

1 

i 

13 

t 

1 

h 

h 

h 

k 

1    * 

3 

30 

60 
60 

60 

60 

30 

60 

50 

80 
60 

60 

60 

60 

60 
60 
60 


90 

60 
19:0 

1,440 

1,440 

30 

360 

850 

480 
60 

1.440 

60 

60 

60 

60 

300 


«  Nose  tUting. 

•  Two  105-kw.  fufnaces  are  also  used  by  Metal  &  Thermit  Co^,  Chicago,  for  tin  recovery.  Other  Baily 
furnaces  arelnstalled  in  Canada  and  Mexico  as  follows:  Canada,  Bmpire  Brass  Works,  one  105-kw.;  Mon- 
arch Metal  Co.,  one  50-kw.,  Dominion  Steel  Products  Co.,  one  50-kw.;  Mexico,  Q.  Amsinck  Corp.,  two 
105-kw. 

wThis  firm  originally  used  mostly  the  30-kw.  size,  but  has  changed  to  a  smaller  number  of  higher- 
powered  furnaces. 
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ELECTRIC  BRASS  FURNACE   PRACTICE. 


Table  1. — Electric  furnaces  in  active  commercial  ««e,  etc. — Continued. 
VERTICAL— RING  INDUCTION  FURNACES— SINGLE  PHASE— Continued. 


Make. 

No. 

1 

Ajax.Wyatt.... 

..1 

1 

3 

12 

I 

1 

* 

1 

1 

2 

6 

1 

1 

Total 

176 

User. 


Allov. 


Rarltan  Copper  Works,  Rari- 

tan.  N.  J. 
Parish   Pool  Co.,  Cleveland, 

Ohio. 
Rome  Brass  &  Copper  Co., 

Rome,  N.  Y. 
Scoville  Manuliactiiring    C^., 

Waterbury,  Conn.  * 

Speakman  Co.,  Wilmington, 

Del. 
Specialty  Brass  Co.,  Kenosha,  | do 

Wis.                                        f 
Stamford  Rolling  Mills  Co.,    do 

Stamford.  Conn. 
Standard  Sanitary  Manufao 


Yellow  brass. 

....do 

.do 

....do 

....do 


Capac- 
ity tons 
per  heat 
per  fur- 
nace. 


do. 
do. 


turing  Co.,  Louisville,  Ky. 
Standard  Underground  Cable 

Co.,  Perth  Amboy,  N.J.       I 
West  Virginia  Metal  Products  < do. 

Co.,  Fairmont,  W.  Va. 
Western    Cartridge   Co.,  W do. 

Alton,  m. 
U.  S.  Navy  Yard,  Washing-  ' do. 

ton,  D.  C. 


Number  of  users,  24 . 


i 
i 


Total 

capao- 

i\j 

tons. 


h 

6 

i 

i 

i 

3 


84.3 


Total 

kw. 

rating. 


60 
60 
60 
60 
60 
60 
60 
76 
60 
60 
60 
60 


HORIZONTAL-RING  INDUCTION  PURN.\CE8-SIN0LE  PHASE. 


General     Elec- 
tric. 


Hoskins  Manufacturing  Co., 
Detroit,  Mich. 


Nickel-chromium 


ToUl 
kw. 


60 

60 

180 

720 

60 

60 

60 

76 

120 

360 

60 

60 


14,085 


100 


CONTACT-RESISTANCE  FURN.VCES— THREE  PHASE. 


Bennett. 


Total. 


1     Scoville  Manufacturing    Co.,  '  Rrass  and  cop- 

I     Waterbury,  Conn.  ' 

6  ' do 


iKjr. 
...do. 


aaj 


Number  of  users,  I . 


5 
1 


5 
6 


II 


500 

150 


500 
900 


1,400 


HIGH-FREQUENCY  EDDY-CURRENT  FURNACES. 


.\jax-Northrup . 

1     Baker  &  Co.,  Newark,  N.  J. . . . 
1     H.  A.  Wilson  Co.,  Newark, 

N.J. 
1     D.  Bftlais,  New  York  City 

1  Gddsmith  Bros.  Smelting  6: 

Refining  Co.,  Chicago,  111. 

2  U.  S.  Mint,  Philadel^,  Pa. . 
2  ' do 

Platinum 

18 
20 

20 
20 

8 
1ft 
60 

«18 

do 

220 

White  gold 

x20 

Precious  metals. • 

x20 

Silver  and  gold.. 

9t 

do 

y32 

1  <  Handy  &  Harman,  Bridge- 
port, Conn. 

9     Number  of  users.  6 

Slh-er 

i 

i 

<60 

.-  - _ 

Total 

1 

186 

X  Single  phase,  crucible  lift-out. 
y  Two  phase,  crucible  lift-out. 
*  Throe  phase,  nose  tilting. 

oo  The  number  of  Bennett  furnaces  in  use  by  the  Scoville  Mfg.  Co.  has  been  increased  by  about  a 
dosen  since  this  table  was  prepared. 


HISTORICAL. 


Table  1. — JBlectric  furnaces  in  active  commercial  iwe,  eftc, — Contiiiue<l. 

OTHER  CRUaBLE  LIFT-OUT  FURNACES. 


Malce. 

No. 

1 
1 
2 

4 

User. 

Alloy. 

Capac- 
ity tons 
per  heat 
per  fur- 
nace. 

Total 
tons. 

Total 

kw. 

rating. 

Total 
kw. 

Bally 

W.  A.  Rogers,  Ltd.,  Niagara 

Falls,  N.Y. 
17.  8.  Smelt,  Ref.  &  Mining 

Co.,  Boston,  Mass. 
hh  Hosldns  ManufiEMrtiiring  Ca, 

Detroit,  Mich. 

Silver 

^ 

.S 

40  .       aa40 

Marah 

A 

A 

50 

rrinn 

w    1                  

Total 

Kn^nber  of  USATS.  3 .                    . 

\    140 

1 

1 

1 

SUMMARY. 


Make. 


Ajax-Wyatt.... 
Detroit  rocking. 

Baily 

Booth .*. 

Other  ftimaces.. 


Total. 


Total  ca- 

SEtcity  per 
eat  tons. 


Total  kil- 
owatts. 


84.3  1 

14,0« 

54.4  , 

16,325 

5L7  i 

7,45.'> 

ia2 

6.345 

90.1  , 

7,«1 

233.7 


50,861 


aa  Single  phase,  two  crucibles. 

hb  Thfisemmacesareuaedlessthanfonnerly  onaocountoftheinstallationof  larger  fumaces  of  other  types 

ee  Single  phase,  one  or  two  cradbles  per  furnace. 

Various  other  types  are  still  under  experimental  development. 

After  the  year  1916  began  the  period  of  commercial  introduction 
and  development  of  electric  brass  furnaces.  The  status  of  the  in- 
dustry, which  was  still  in  its  infancy,  was  thus  given  in  a  review  ^  of 
electrometallurgy  in  1919 : 

In  the  Donferrous  metal  industries,  1019  was  characterized  by  the  rapid 
introduction  of  electric  melting  furnaces  in  place  of  melting  in  crucibles  or 
opai-combustion  furnaces.  The  electric  furnace  had  a  great  opportunity  and  it 
was  grasped.  Fifty  or  more  electric  furnaces  were  erected  in  a  single  bras.s-pro- 
ducing  dty,  and  all  the  other  brass  makers  in  the  country  are  either  looking 
on  with  interest  or  have  determined  to  follow  suit.  America  is  leading  the 
world  in  this  development,  and  the  brass  and  other  related  industries  of  other 
countries  can  not  do  otherwise  than  imitate  our  methods  and  follow  our  lead. 

Bichards  •  says :  **  It  will  be  but  a  short  time  before  all  the  brass  in 
this  country  will  be  melted  by  electric  furnaces." 

The  Metal  Industry"  said,  in  May,  1919:  "We  can  now  repeat 
with  more  emphasis  what  we  said  in  an  editorial  last  October :  '  The 
electric  fumade  has  arrived.' " 

The  importance  of  the  development  of  electric  brass  furnaces  will 
be  made  clearer  by  considering  the  savings  possible  by  their  use. 

*  Electrometallurgy  in  lOld :  Chem.  and  Met.  Rng..  vol.  22,  1920,  p.  2. 

■Richards,  J.  W.,  Electrocbemistry  :  Elect.  Rev.,  vol.  74,  1919,  p.  992:  roniparo  also 
Parsons,  P.  W.,  Everybody's  business,  electric  hent  to-morrow :  Sat.  Even.  Post.,  vol.  192, 
1920,  Jan.  24,  pp.  89.  73. 

•  Enectrlc-furoace  progress:  Metal  Ind.  vol.  17,  1910,  p.  230;  see  eIko  vol.  IS.  1!»J0, 
p.  65 :  see  also  Cone,  B.  F.,  Electric  melting  in  nonfrrrous  industry :  Iron  Age,  vol.  105,. 
1920,  p.  655. 
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MONETABT  SAVING  POSSIBLE  BT  ADOPTION  OF  EIECTBIC  BBASS 

MELTING. 

The  saving  due  to  the  adoption  of  electric  brass  melting  will,  of 
course,  vary  with  the  conditions  and  the  location  of  the  plant,  but 
suppose  that  electric  melting  had  progressed  so  far  that  all  melting 
had  been  done  electrically  during  the  war.  In  1917,  according  to 
the  War  Industries  Board,*®  1,072,508,000  pounds  of  brass  and  bronze 
were  made,  mostly  yellow  brass.  To  produce  this,  at  least  a  third 
as  much  more  scrap  and  crop  ends  had  to  be  melted.  The  total  melt 
may  be  estimated  at  1,430,000,000  pounds. 

Metal  losses  were  high  during  the  rush  of  war  production,  and  it 
seems  very  probable  that  the  melting  loss  with  electric  furnaces  would 
have  been  2  per  cent  less  than  with  crucibles,  so  that  the  saving  would 
have  been  about  28,500,000  pounds  of  metal.  This  lost  metal  was 
mainly  zinc,  having  an  average  price,  for  rolling-mill  spelter,  of  11 
cents,"  but  partly  copper,  with  an  average  of  31  cents.**  *0n  the  as- 
sumption that  this  2  per  cent  loss  was  IJ  per  cent  zinc  and  $  per 
cent  copper,  the  average  value  of  the  lost  metal  was  then  16  cents 
and  the  possible  saving  in  metal  alone  was  $4,500,000.  As  crucibles 
and  labor  were  both  higher  than  ever  before,  an  equal  amount,  at 
least,  should  be  allowed  for  savings  through  not  using  crucibles  and 
approximately  $1,000,000  through  savings  in  labor,  or  a  total  of 
$10,000,000. 

Tlie  domestic  consumption  of  copi^er  rose  from  1,316,463,754 
pounds  in  1917  to  1,800,000,000  pounds,  or  thereabout,  in  1918,  and 
the  brass  production  doubtless  increased  in  about  the  same  propor- 
tion, or  enough  to  offset  the  slightly  lower  prices  of  zinc,  about  10 
cents,  and  of  copper,  about  25  cents.*-  Crucibles  and  labor  still  re- 
mained high,  so  it  is  reasonable  to  figure  that  if  all  brass  made  in  the 
country  could  have  been  melted  electrically  in  1917  and  1918  the 
war   expenses    of    the    country    would   have   been    reduced    some 

$20,000,000. 

In  1919.  when  the  domestic  consumption  of  copper  was  800,000,000 
pounds,  that  of  brass  and  bronze  was,  say,  600,000,000  pounds,  and 
the  capacity**  of  the  copper-using  plants  was  over  twice  that  figure^ 
including  that  from  secondary  metals.  The  total  melt  to  produce  th*t 
amount  of  brass  and  bronze  may  be  assumed  as  800,000,000  pounds. 
With  the  average  1919  price  of  copper  as  19^  and  that  of  zinc  as 
8  cents  per  pound,  and  the  metal  saving  to  be  made  by  electric  mdt- 


10  Mitchell  W.  C,  Aldrlch,  H.  U.,  and  Schmudcler,  J..  History  of  pclceii  durlnff  the  war : 
War  huluatrlos  Board  publication.  1919 ;  Foundry,  rol.  47.  1919.  p.  862 ;  Metal  Indoetry 
(I>ondon>,  vol.  15,  1919,  p.  455. 

»i  Anonymous,  Waterbury  average :  Metal  Ind.,  vol.  IG.  1918.  p.  582. 

>>  Anonymous,  Waterbury  average :  Metal  Ind..  vol.  17.  1919.  p.  108 ;  Tol.  18. 1920,  p.  110. 

w  Sec  Brcgman,  A.,  The  dlBtiibutlon  of  copper ;  Metal  Ind.,  vol.  18,  1020,  p.  220. 
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ing  taken  as  1^  per  cent,  or  about  6,000  tons  (say  4,000  tons  of  zinc 
and  2,000  tons  of  copper),  the  preventable  loss  of  metal  figures  out  as 
more  than  a  third  of  a  million  dollars.  This  figure  is  based  only  on  the 
net  saving  of  metal  and  does  not  include  the  money  saved  by  the 
avoidance  of  the  need  of  recovering  from  the  slag  and  ashes  much 
metal  that  has  thus  to  be  recovered  in  fuel-fired  practice.  The  saving 
due  to  reduction  of  gross  loss  is  not  far  from  that  due  to  reduction 
of  net  loss.  Add  to  these  savings  those  due  to  savings  in  crucibles, 
fuel,  and  labor  and  it  appears  that,  roughly  speaking,  under  peace- 
time conditions  the  country  wUl  save  annually  two  or  three  million 
dollars,  perhaps  more,  by  going  completely  over  to  electric  brass 
melting.  Under  the  conditions  of  low  production  and  low  metal 
prices  prevailing  in  the  latter  part  of  1920  and  during  1921  the 
saving  would  be  less,  but  over  a  term  of  years  it  would  average  at 
least  the  figure  given.  Whether  any  particular  plant  is  so  situated 
that  it  can  save  part  of  that  sum  for  itself  by  using  electric  furnaces 
or  whether  it  is  one  of  the  small  minority  so  situated  that  electric 
melting  would  cost  more  than  clinging  to  the  older  methods  is  a 
question  to  be  answered  only  by  careful  consideration  of  the  location 
of  each  plant  and  the  conditions  there.  It  is  hoped  that  this  report 
may  aid  in  answering  the  question. 

SAYINGS  DITE  TO  HOSE  HEALTHFUL  CONDITIONS. ' 

Besides  the  readily  recognizable  saving  in  dollars  and  cents  due  to 
electric  melting  there  is  another  saving  less  easily  calculated,  but  no 
less  real.  The  electric  furnace  is  cooler,  cleaner,  and  gives  less  zinc 
fume  than  older  methods  of  melting.  One  rolling  mill  that  has 
changed  completely  to  electric  melting  has  had  no  case  of  "brass 
shakes  "  since  the  fuel-fired  furnaces  were  abandoned,  and  the  num- 
ber of  severe  bums  has  been  greatly  reduced.  On  account  of  the  cooler 
and  cleaner  working  conditions,  the  elimination  of  much  hard 
manual  labor,  and  the  avoidance  of  zinc  fume  the  electric  furnace  is 
no  small  factor  in  improving  the  comfort,  health,  and  safety  of  the 
workmen.  It  was  this  point,  no  less  than  the  possibilities  of  the 
electric  brass  furnace  as  a  factor  in  the  conservation  of  our  natural 
resources,  that  caused  the  Bureau  of  Mines  to  undertake  its  investi- 
gation of  melting  brass  in  electric  furnaces. 

WOSK  OF  THE  BTTREAir  OF  MINES. 

The  actual  work  of  the  Bureau  of  Mines  on  electric  brass  melting 
began  in  September,  1912,  at  a  field  office  established  at  Morse  Hall, 
Cornell  University,  Ithaca,  N.  Y.,  where,  by  the  courtesy  of  the  uni- 
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versity,  the  excellent  facilities  of  the  electric- furnace  laboratory  and 
other  laboratories  of  the  department  of  chemistry  were,  through  a 
cooperative  agreement,  made  available  for  the  work  of  the  bureau. 

The  work  has  been  in  three  phases:  (1)  Collection  of  data,  for 
comparison,  on  the  performance  of  fuel-fired  brass  furnaces,  which 
have  been  published  as  Bulletin  73  ^* ;  (2)  experimental  work  to  show 
whether  zinc  losses  could  be  reduced  by  electric  melting,  without  re- 
gard to  the  question  of  whether  or  not  the  type  of  furnace  used  was 
likely  to  be  commercially  useful,  which  showed  that  the  losses  could 
be  materially  reduced,  and  finally  (3)  attempts  to  find  out,  through 
laboratory  tests,  inspection  of  commercial  furnaces,  attendance  at 
commercial  tests,  and  collection  of  data,  what  different  types  of  elec- 
tric furnaces  have  done  or  may  be  expected  to  do  under  various 
conditions. 

The  preliminary  work  on  zinc  losses  was  done  mainly  in  crucible 
furnaces — ^first,  because  they  were  easier  to  handle  on  an  experiment 
tal  basis  for  the  purpose  in  view,  and,  second,  because  it  seemed 
desirable  to  start  with  an  electrically  heated  furnace  f>f  a  general 
type  with  which,  in  fuel-fired  form,  all  foundrymen  are  familiar. 
Some  of  the  preliminary  work  was  reported  *•  at  the  1914  meet- 
ing of  the  American  Institute  of  Metals.  The  early  work  was  con- 
fined mainly  to  brasses  high  in  zinc,  because  the  possibilities  of 
metal'  saving  were  greatest  for  those  alloys  and  because,  at  the 
prices  then  prevailing  for  coke,  coal,  fuel  oil,  metals,  and  crucibles, 
it  was  clear  that  the  cost  of  electric  power  being  higher  than  that 
of  fuel  made  necessary  the  development  of  electric  melting  to  a 
high  degree  of  perfection  before  it  could  compete,  on  a  cost  basis, 
with  fuel  where  the  alloy  melted  was  low  in  zinc  and  little  saving 
of  metal  could  be  expected. 

The  outbreak  of  the  European  war,  with  the  subsequent  rise  in 
cost  of  metals,  fuel,  and  crucibles — the  latter  accompanied  by  a 
marked  decrease  in  quality — altered  conditions  materially  and  gave 
experimenters  greater  incentive  to  carry  on  and  complete  their  work. 
As  the  cost  of  crucibles  had  risen  to  unprecedented  heights,  the 
elimination  of  crucibles  made  possible  so  great  a  saving  that  electric 
melting  in  noncrucible  furnaces  became  applicable  to  red  brass  and 
bronze,  irrespective  of  the  metal  savings. 

At  the  same  time  users  of  fuel-fired  furnaces  made  every  effort 
to  limit  the  use  of  crucibles  to  alloys  that  absolutely  required  them. 
Crucibles  were  still  generally  used  in  melting  yellow  brass,  but  open- 

"Oillett.  H.  W.,  BraR«-furnar«»  prnctice  In  the  Fnlted  StatoF :  Bull.  78,  Bureau  of 
Minos.  1014.  298  pp. 

»  Gillett,  H.  W.,  and  Lohr.  J.  M.,  Molting  losso0  in  electric  brass  furnacen.  This  pa|^r 
wall  preprinted  and  read,  but  as  the  data  were  to  be  included  In  a  bulletin  of  the  Bureau 
of  Mines  it  was  not  printed  in  the  transactions  of  the  institute.  See  Trans.  Am.  Inst. 
Metals,  VOL  8,  1814,  p.  11 ;  Met  and  Cbem.  Eng„  vol.  12,  1914,  p.  647. 
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flame  oil  furnaces  very  largely  displaced  crucibles  for  melting  red 
brass  and  bronze,  the  determining  factor  being,  of  course,  the  zinc 
content  of  the  alloy. 

When  the  United  States  entered  the  war  these  conditions  became 
even  more  altered  from  those  prevailing  in  1912  to  1914.  Economy 
in  materials,  labor,  and  money  outlay  was  not  only  commercially 
desirable,  but  became  a  patriotic  duty.  As  a  result  during  the  war 
the  development  of  electric  brass  melting  received  great  impetus. 
The  bureau's  interest  in  the  work  increased  as  the  problem  from 
being  mainly  one  of  conserving  zinc  and  promoting  health  and 
safety  in  foundries  came  to  include  the  imperative  need  of  pro- 
ducing munitions  and  essential  war  materials  more  cheaply  and 
rapidly. 

The  bureau's  work  included  the  laboratory  development  and  semi- 
commercial  testing  of  the  rocking  type  of  furnace,  which  has  been 
brought  into  commercial  use  by  the  Detroit  Electric  Furnace  Co. 
that  is  licensed  under  Bureau  of  Mines  patents  to  manufacture  and 
sell  it.  The  work  on  the  rocking  furnace  has  been  related  fully ,*• 
and  reference  to  that  furnace  in  this  report  will  be  confined  mainly 
to  the  performance  of  the  commercial  installation  of  this  type  made 
since  the  bureau's  experiments  were  finished. 

The  Bureau  of  Mines,  besides  doing  experimental  work,  has  been 
privileged,  through  the  cordial  cooperation  of  inventors  and  makers 
of  electric  furnaces,  of  their  users,  and  of  central  stations,  to  collect 
much  data — by  attendance  at  tests,  by  inspection  of  furnaces  in  com- 
mercial operation,  as  well  as  by  correspondence — on  the  operation  of 
most  of  the  various  types  of  electric  brass  furnaces  now  in  use,  on 
many  of  the  discarded  types,  and  on  those  still  being  developed. 
Some  data  already  have  been  reported  briefly." 
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_^ I 

»Glll©tt,  H.  W.,  and  Rhoads,  A.  E.,  Melting  braas  In  a  rodcing  electric  furnace:  Bull. 
171,  Bureau  of  Mines,  1918,  131  pp. ;  A  roclcing  electric  brass  furnace :  Jour.  Ind.  Eng. 
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utilized  in  the  experimental  work,  as  well  as  to  Professors  W.  D. 
Bancroft  and  T.  R.  Briggs,  in  charge  of  electrochemical  work  at 
Cornell  University,  for  many  courtesies. 

So  many  makers  and  users  of  electric  brass  furnaces  have  cooper- 
ated by  furnishing  data  and  information  that  a  complete  acknowl- 
edgment would  list  practically  everyone  interested  in  the  problem. 
The  bureau's  thanks  are  due  to  all  these  firms  and  individuals,  and 
particularly  to  those  who  permitted  representatives  of  the  bureau  to 
watch  their  furnaces  in  operation.  Special  mention  should  be  made 
of  the  constructive  cooperation  of  the  Detroit  Edison  Co.,  through 
Mr.  E.  L.  Crosby,  and  of  the  Commonwealth  Edison  Co.,  Chicago, 
through  Mr.  H.  M.  St.  John. 

DIFFERENT  TYPES  OF  ELECTAIG  BBAS8  FUKRACES. 

Not  less  than  80  different  types  or  different  makes  of  the  same 
type  of  furnaces  have  been  used,  tried,  or  suggested  for  melting 
copper,  brass  or  bronze,  aluminum,  or  nickel  alloys.  These  are 
listed  in  Table  2  in  the  order  in  which  they  are  described  in  the 
text.  Mention  is  made  in  the  text  of  types  as  well  suited  to  melting 
these  materials,  as  are  many  of  those  in  the  list,  many  of  which  are 
purely  "paper  furnaces"  that  probably  never  existed  except  in 
patent  specifications.  If  the  patent  specifications,  however,  defi- 
nitely state  that  the  furnace  is  designed  for  melting  brass  instead  of 
merely  mentioning  the  melting  of  metals  in  general j  it  has  been 
included.  If  one  furnace  made  by  the  same  person  or  firm  differs 
from  another  only  in  size  and  not  in  type  or  design,  but  one  entry 
is  made.  On  the  other  hand,  the  same  type  or  design  as  made  by 
different  persons  or  firms  is  given  a  separate  entry  for  each  make. 
If  it  were  possible  to  include  all  the  types  of  furnaces  on  which 
no  information  is  available  and  that  have  been  tried  out  and  aban- 
doned by  various  workers,  the  list  would  be  increased  materially — 
probably  to  at  least  a  hundred. 
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Table  2. — Electric  furnaces  deaigtfjpd  or  tested  for  melting  nonferrous  metals. 

CRUCIBLE  FURNACES. 


No. 


Name  of 

desli^er  or 

builder. 


1 
2 


Fitzgerald. 

Baily 

do 


4  I  Snyder. 


8 


10 
11 


12 
13 

14 

15 

16 


17 

18 
19 
20 

21 


5     Greenwood  & 
Hutton. 
H  o  s  k  i  n  s 
(Marsh). 


Bureau 
Idines. 

Cad  well.. 


of 


Rennerfelt  re- 
verberatory 
crucible. 

Oeneral  Elec- 
tric Co. 

Stansfleld 


Used  or  tested 
by  or  at— 


Titanium  Al- 
loys Manu- 
facturing Co, 

W.  A.  Rogers 
(Ltd.). 

Detroit  Cop- 
per &  Brass 

Rolling 
Mills. 

Common- 
wealth  Edi- 
son Co. 

English  test... 


C  omm  on- 
wealth  Edi- 
son Co.  and 
Bureau     of 

Mines. 


Bureau 
Mines. 


of 


Type. 


CnicibleUft- 
out. 

Crucible  lift- 
out,  2  pots. 

Crucible  lift- 
out,  spots. 

Cmcible  lift- 
out. 

do 


.do. 


CrucIbleUft- 
out,3pots. 


of 


Baily 

Bureau 

Mines. 
National  Car 

bon  Co. 
General  Eleo 

trie  Co. 
Baily 


Weintraub. 


Helberger. 


General  Elec- 
tric Co. 


'  Crucible  lift- 
out,  2  pots. 


Crucible  lift- 
out,  sev- 
eral pots. 

Crucible  tilt- 
ing. 

do 


Tests  of  use  on  nonferrous  alloys. 


Distinguish- 
ing features. 


Granular  re- 
sistor. 

....do 


.do. 


Has  had 

laboratory 

test. 


Yes. 


Solid  molded 
resistor. 

Solid     grid 
resistor.      ' 

Carbon-plate 
resistor. 


Yes. 


Carbon -plate 
resistor  be- 
tween pots. 

Granular  re- 
sistor be- 
low arcs  at 
side  of 
pots. 

Arc  resist- 
ance. 


Ye?,  16 
sizes  and 
modifi- 
cations. 


Yes. 


Has  had 

foundry 
test. 


No. 


Yes. 


Present 

commercial 

use  in 

United 

States,  Jan. 


None. 


One  fur- 
nace melt- 
ing silver. 

None. 


Yes '  None. 


No None 


Yes. 


No. 


One  or  two 
furnaces 
melting 
nickel- 
chroni- 
ura  al- 
loys. 

None. 


None. 


None. 


.do. 


Yes. 


Bureau   of 
Mines. 


Electro-Metals 

Co.  (Ltd.). 
Morgan 


Conley . 


Detroit  Cop- 
per &  Brass 
Rolling 
MiUs. 

General  Elec- 
tric Co. 

National  Cash 

Register  Co. 

English  test. . . 


.do. 


Electrical  Test- 
ing Labora- 
tory. 


.do. 
.do. 

.do. 

.do. 

.do. 

.do. 

.do. 
-do. 
.do. 


.do I 


Granular  re- 
sistor sur- 
r  o  unding 
crucible. 

do 

do 


.do. 
.do. 


Granular  re- 
sistor be- 
low cruci- 
ble. 

Solid  silicon 
grid  re- 
sistor. 

Solid  resistor 


.do. 
.do. 

.do. 


? None. 


None. 


Yes I None. 

Yes ' None. 


Yes. 


Yes. 

Yes. 

Yes. 
No. 


Yes. 


No. 


None. 
None. 
None. 

None. 

None. 
None. 

Advertised 
for  sale, 
butprob^ 
ably  not 
used. 

None. 
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Table  2. — Electric  furnaces  designed  or  tested  for  melting  nonferraus  metal — 

Continued. 

HEARTH  FURNACES. 


Name  of 

desleneror 

buildflr. 

Used  or  tested 
by  or  at— 

Type. 

Distinguish- 
ing features. 

Tests  of  use  on  nonferrous  aUo3rs. 

No. 

Has  had 

laboratory 

test. 

Has  had 

foundry 

test. 

Present 
commeix^l 

use  in 

United 
States,  Jan. 

1, 1922. 

22 

Rockwell ' 

Resistor  be- 
low hearth. 

Carbon-rod 
resistor. 

do. ..... 

Yes 

? 

No 

No 

? 

None. 

23 

BrlsUd 

Steam 

None. 

24 

cilneman  . 

? 

None. 

25 

Jcdmson 

Lattice    re> 
sistor. 

Resistor  lay- 
er of  rods. 

Self-sup- 
porting 
resistor. 

Zigzag  re- 
resistor. 

Tubular  zig- 
zag  resis- 
tor. 

Carbon -rod 
resistor. 

Resistor 

Carbon-plate 
resistor 
overhead. 

Carborun- 
dum    re- 
sistor. 

Carborun- 
dum   re- 
sistor be- 
tween two 
hearths. 

Carborun- 
dum   re- 
sistors at 
sides. 

Carborun- 
dum   re- 
s  is  tor s 
overhead. 

Granular 
resistor  in 
troughs. 

Granular  re- 
sistor    in 
circular 
trough. 

Granular  re- 
sistor    in 
straight 
troughs  at 
sides,  large 
tapping 
furnace. 

Granular  re- 
sistor    in 
straight 
trough  over 
hearth. 

Arcs  and  re- 
sistance, 
rectangu- 
lar 

Arcs  and  re- 
sistance, 
round. 

Arcs  and  re- 
sistance. 

Direct  arc... 

Pump     for 
stirring. 

No 

Yes 

Yes 

? 

No 

No 

No 

? 

None. 

26 

Fitzgerald- 
Thomson. 
do 

None. 

27 

None. 

28 

Thomson 

Gyrating 

Rotating 

None. 

29 

do 

? 

? 

None. 

30 

s 

Bensel 

German  test . . 

Rocking . . . 
Rotating 

Yes 

? 

No 

No 

No 

No 

No 

No 

No 

Yes 

Yes 

Yes,   on 
alumi- 
num and 
zinc. 

Yes 

Yes 

Yes 

Yes 

Yes 

None. 

31 

Harvey 

None. 

32 

Hoskins 

Thornton 

Bureau    of 
Mines. 

Yes 

? 

None. 

33 

None. 

34 

Bureau    of 
Mines. 

Weindenthal.. 

Bureau    of 
Mines. 

Yes 

? 

None. 

35 

None. 

36 

Erlchsen 

?      .     ... 

None. 

37 

DIreuweit 

Baily 

Baltimore 
Tube  Co. 

Many  users. . . 
Several  trials. . 

Several  users. . 

General  Elec- 
tric Co. 

Chicago  Fau- 
cet Co. 

Several  users.. 

None. 

38 

Wide  (ise, 
82  fur- 
naces. 

None.  Sue- 

39 

? 

40 

do 

General  Elec- 
tric. 

? 

cessfully 
used    in 
anneal- 
ing   fiv- 
naoes. 

None. 

41 

Ye. 

Yes 

Yes 

Yes 

42 

9  furnaces 
of    both 
types. 

43 
44 

Rennerfelt  re- 
verberatory. 

Heroult  type.. 

Heat  source 
between 
2  hearths. 

One. 

2  on  nicke 

alloys, 
none  on 
brass   or 
branse. 

DIFFERENT  TYPES  OF  ELECTRIC  BRASS  FURNACES. 
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Table  2. — Electric  furnaces  designed  or  tested  for  melting  nonferrous  metal- 
Continued. 

HBABTH  FURNACES— <'oiitinued. 


No. 


46 

46 

47 
48 
49 

50 

51 

52 

53 

54 

55 
56 

57 

58 

50 
60 

61 


63 


63 
64 


65 
66 
67 
68 


TO 
71 


Name  of 

desiffneror 

buuder. 


Used  or  tested 
by  orat~ 


Snyder. 


Greaves 

EtcheUs. 


Bureau 

Mines. 
Wile 


of 


Bezmett. 


D  e  N  0  11  y  - 
Orammont. 

Von  Schlegell- 
Fietcber. 


Moldenke. 


Weeks. 


Sblptou. 


Indianapolis... 
Stassano  type  . 

Stassano-Peti- 

not. 
Bureau    of 

Mines. 

Bennerfelt 

Re-pel-arc 

(von   8ehle> 

gell). 
Bureau    of 

Mines. 


l>etroit. 


Universal. 
Hooth 


American. 
Moore .... 
Reardon.. 
Volta 


Colby-KjeUin 
type. 


Spencer. 
KJeUin. 


Several  users. 


HoskinsMan- 
facturing 
Co. 

Bureau  of 
Mines. 

Several  trials. . 

Scovill  Manuo 
facturing 
Co. 

French  test... 


Type. 


Weeks  and 

Hansen. 


4V 


General  Elec- 
tric Co. 
(7) 

Bureau  of 

Mines. 
Several  users.. 
do 


Bureau  of 
Mines  and 
Michigan 
Smelting 
and  Refin- 
ing Co. 

Many  users. . . 


Jos.    Brenner 

<bCo. 
Many  users... 


(T) 


Direct  are. 


.do. 


.do. 


Slag  resis- 
tance. 

Contact  re- 
sistance. 

Direct  arc... 


Direct  arc, 
then  in- 
direct arc. 

Indirect  arc. 


.do. 

.do. 

.do. 
.do. 

.do. 

.do. 

.do. 


DistlDsuish- 

ing  features. 


Glass  slag... 
Low  voltage. 


Large   elec- 
trodes. 


Charge  pre- 
heated  by 
fuel. 


Shelf  over 
arc. 


Tests  of  use  on  nonferrous  alloys. 


Has  had 

laboratory 

test. 


Yes. 


Yes. 
Yes. 
Yes. 


No. 


Yes,  on 
c  o i>  p  er 
only. 

No 


Yes. 
Yes. 


(7) 


Yes. 
Yes. 


do Repelling  Yes. 

arc. 


.do. 


.do. 


Rocking. 


.do. 


.do. 
.do. 


do... 

Rotating. 


Titan  1  um 

Bronze  Co. 

Several  trials. . 


.do. 
.do. 
.do. 
.do. 


Induction.. 


Revolving. . 

. . .  .do 

Rocking.... 
Gyrating... 

Horizontal 
ring. 


do. 


Pierce  Arrow 

Motor  Car  Co., 
English  test...! do 


.do. 
.do. 


Yes. 


(?) 
(7) 


Yes. 

Yes, 

Yes. 
Yes. 


Has  had 

foundry 

test. 


Yes.... 

Yes.... 

No 

Yes.... 
Yes.... 

Yes..., 

No 

No 

No 

No 

(7) 

(7) 

No 

Yes..-. 
Yes.... 

Yes.... 

Yes.... 

Yes...- 
Yes.... 

No 

None... 

No 

Yes,... 

No 

No 

No 


Present 

commercial 

use  in 

United 

States,  Jan. 

1, 1922. 


6  on  nickel 
or  cobalt 
alloys,  2 
on  leaded 
bronze. 

1  on  nickel 
alloys. 

None. 

None. 

7  large  fur- 
naces. 

None  in 
United 
States. 

None. 


None. 
None. 

None. 

None. 
None. 

None. 

None. 

8  furnaces, 
6  furnaces. 

See  No.  62. 


Wide  use 
60  fur- 
naces, 
m  0  s  t  ly 
large. 

None. 

Consid- 
erable 
use ,  40 
fUrnaoes, 
m  0  s  t  ly 
small. 

None. 

None. 

None. 

None. 

None  ex- 
cept 1  on 
nickel  al- 
loys. 

None. 

None. 
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Table  2. — Electric  furnaces  designed  or  tested  for  melting  non ferrous  metal- 
Continued. 

HEARTH  FURNACES-^CoDtinoed. 


Now 


Nttmeor 
or 


73 


73 


74 
75 
75 
77 

7B 

70 


81 


Rooefaling-Ro* 


Hordon. 


Oehrkflos. 
Oteeoe... 
Hoiward.. 
Henng... 


Foley. 


Brophy. 


UsedortoBted 
byo 


Baltimore 
C  o  p  p  e  r 
Smelting 
•ndRolliiig 
Co. 


Type. 


Induction. 


.do. 


Several  trials. 


do 

..-.do 

....do 

Pfnch  effect 


Tests  of  use  on  nonfeirous  alloys. 


r 


Distinguish- 
ing features.     Has  had 
laboratory 
test. 


AJaz-1 


Wyatt... 


i^az-Northntp 


Qeneral  Eleo- 
tiic. 


Bristol  Brass    Induction.. 
Co.  I 

...do 


Many  users. 


Handy  and 
KffmoDf  etc. 


Oeneral  Elec- 
tric Co. 


.do. 
.do. 


Eddy  cur- 
rent, tilt- 
ing. 

Nickel- 
chromium 
resistor. 


Horliontal 

ring. 


Horiaonta]  (7) 

ring  with 

modifldh 

tions. 

...do 

..do 

...do 

Resistor    Yes. 

tubes. 
Vertical    Yes. 

ring. 
Verucal  rinp  (7) 

with  modi-; 

ficatioDs. 
Vertical  ruip    Yes . . . 
Vertical  rliifr 

with  modi- 
fications. 
High  fre- 
quency 

current. 


t    Present 

Has  had   ,*'°°!S?*^^ 
«nrtn<w         useln 
foundry    ]    ^^^j^^ 

**"•       States,  iaa. 
'     1,1922. 


Yes. 


No. 


(7) 


Yes. 


Spedal    for  I  Y 
aluminum. 


No. 

No.. 
Yes. 

Yes. 

No.. 


(T) 


Yes. 
No.. 


Yes. 


None. 


Nooe. 


None. 
None. 
None. 
None. 

None. 

None. 


tMfhmaces 
None. 


9  on  ailTer. 
gold,  and 
plati- 
num. 

None. 


Note.  Another  electrical  brass  furnace,  made  by  Wm.  Swindell  k  Bros.,  Pittsbursb, 
Pa.,  was  advertised  aa  ready  for  commercial  use  late  in  1921,  but  no  description  is  yet 
available. 

Tlie  same  idea  held  by  different  people  or  different  ideas  held  by 
the  same  person  have  produced  80  or  more  forms  of  electric  brass 
furnaces,  of  which  at  least  50  have  been  actually  tested  in  melting 
copper,  brass,  or  bronze.  Some  of  these  never  completed  the  first 
heat,  whereas  others  in  commercial  use  by  scores  of  firms  have  melted 
huge  tonnages  of  metal. 

The  surviving  types  of  furnaces,  therefore,  represent  the  fruit  of  a 
vast  amount  of  thought,  of  experiment,  and  of  commercial  elimina- 
tion of  the  unfit.  This  process  of  development  and  elimination  will 
continue,  and  the  perfect  electric  brass  furnace,  though  it  may  be 
evolved  in  the  future,  is  still  nonexistent.  Crude  as  all  types  may 
seem  in  the  light  of  future  developments,  there  are  several  types  that 
are  of  present  conmiercial  value  and  are  ready  for  foundry  use, 

OBJECT  OF  THIS  SEFOET. 

The  object  of  this  report  is  twofold :  Fii*st,  to  collect  all  necessary 
and  pertinent  information  available  on  what  commercial  furnaces  are 
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doing  and  can  do,  in  order  that  the  prospective  user  may  have  data 
for  forming  a  decision  as  to  whether  to  install  any  electric  furnace 
and  for  selecting  a  type  of  furnace  fitted  to  his  requirements ;  second, 
to  show,  by  description -and  by  data  on  experimental  tests,  the  gradual 
evolution  of  the  present  commercial  types,  and  by  including  informa- 
tion on  failures  as  well  as  successes  to  save  future  workers  in  this 
field  the  labor  of  following  the  steps  of  previous  workers. 

Another  object  is  to  point  out  some  of  the  fundamental  principles 
in  the  design,  construction,  and  operation  of  electric  brass  furnaces. 
Part  of  the  information  in  this  report  has  been  published  before, 
but  it  was  written  chiefly  from  one  viewpoint  or  in  connection  with 
some  particular  furnace.    This  report  considers  the  subject  broadly. 

THEOBETICAL  ADVABTAGES  OF  ELECTEIC  MELUNG. 

The  study  of  the  various  furnaces  will  be  facilitated  by  first  con- 
sidering the  theoretical  advantages  of  electric  brass  furnaces.  These 
advantages  are  as  follows : 

1.  Melting  may  take  place  in  a  neutral  or  reducing  atmosphere, 
thus  minimizing  loss  of  metal  by  oxidation  and  improving  the  quality 
of  the  product  through  freedom  from  oxides. 

2.  Metal  of  crucible  quality  may  be  obtained  without  the  use  of 
crucibles. 

3.  Melting  may  take  place  in  a  tightly  closed  chamber,  or  at  least 
in  one  free  from  the  constant  passage  of  the  products  of  combustion 
of  fuel,  and  thus  losses  of  volatile  metals  such  as  zinc  and  lead  may 
be  reduced.    Contamination  by  sulphur  from  fuel  is  avoided. 

4.  In  some  types  of  electric  furnaces  the  temperature  may  be  more 
readily  controlled  than  in  fuel-fired  furnaces. 

5.  In  some  types  of  furnaces  the  molten  metal  is  thoroughly  stirred, 
thus  giving  a  uniform  product,  even  with  large  heats. 

6.  There  is  no  handling  or  storage  of  fuel,  such  as  coke,  coal,  or 
oil,  and  no  ashes  have  to  be  removed.  The  cost  of  power  can  l^e  accu- 
rately predicted  over  longer  periods  than  the  cost  of  fuel. 

7.  Working  conditions  about  the  furnaces  are  less  dangerous  to 
health  and  safety  of  workmen,  provided  suitable  types  of  furnaces 
are  chosen. 

8.  The  above  advantages  may  be  obtained  in  furnaces  of  larger 
capacity  than  can  be  used  satisfactorily  in  the  fuel-fired  crucible  types, 
with  resulting  greater  uniformity  of  product,  lower  labor  cost,  and 
increased  production. 

There  is  no  occult  or  mysterious  effect  on  the  metal  from  its  hav- 
ing been  "  under  the  influence  of  electricity."  Whatever  improve- 
ment in  quality  results  is  largely  due  to  the  fact  that  electric  heat  is 
"  clean  ^  and  permits  the  avoidance  of  oxidation,  etc.  If  one  could 
find  a  brick  that  would  absorb  enough  heat  to  do  the  work,  heat  it, 
drop  it  into  a  crucible  charged  with  brass,  and  cover  the  crucible, 
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thus  melting  the  metal  by  the  heat  stored  in  the  brick,  he  would  melt 
the  brass  imder  about  the  same  conditions  as  with  an  electrically 
heated  crucible.  The  action  of  an  electric  furnace  is  no  more  mys- 
terious than  that  of  the  hypoth^ical  brick.  The  electric  current  is 
used  merely  as  a  means  of  producing  heat,  and  no  subtle  alchemistic 
influence  is  exerted  on  the  metal. 

The  general  opinion  of  users  of  electric  brass  furnaces  seems  to 
be  that  the  average  product  is  no  better  and  no  worse  than  the  metal 
from  a  well-operated  fuel-fired  crucible  and  that,  owing  to  melting 
in  larger  units  and  to  the  use  of  furnaces  that  mix  the  charge  thor- 
oughly, the  product  is,  in  general,  more  uniform.  On  account  of  the 
uniformity  of  electrically  melted  metal  the  Bridgeport  Brass  Co. 
declares  that  electric  furnaces  make  better  condenser  tubing  and  per- 
mit closer  working  to  specification  as  to  analysis.  As  the  uni- 
formity from  perfect  mixing  in  the  electric  furnaces  used  by  this 
firm  would  naturally  decrease  the  danger  of  electrolytic  attack,  the 
claim  of  superior  quality  seems  justified,  though  it  is  probably  a 
superior  average  quality  rather  than  an  improvement  over  the  best 
crucible  product.  Claims  are  sometimes  made*'  that  the  physical 
properties  of  electrically  melted  cast  brass  are  slightly  superior  to 
those  of  brass  melted  by  fuel,  but  the  advantage  claimed  is  so  slight 
that  it  might  as  readily  be  due  to  such  factors  as  differences  in  pour- 
ing temperatures  as  to  actually  improved  quality  of  the  metal. 

At  any  rate,  it  is  not  evident  that  anyone  is  relying  enough  on  the 
added  strength  of  electrically  melted  metal  to  have  the  courage  to 
cut  down  the  cross  section  and  weight  of  castings  made  from  it 

The  basic  electric  steel  furnace  can  take  cheap,  low-quality  scrap 
and,  by  the  use  of  refining  slags,  can  make  a  high-grade  product. 
Usually  no  analogous  refining  of  nonferrous  metals  can  be  done  in 
electric  brass  furnaces,  though  the  ability  of  the  electric  furnace  to 
handle  borings  and  turnings  with  less  metal  loss  than  crucibles  may 
sometimes  permit  the  use  of  cheaper  materials  by  allowing  an  in- 
crease in  the  proportion  of  borings  used.  There  seems,  however,  to  be 
a  general  impression  that  electric  steel  of  a  given  analysis  is  better 
than  even  crucible  steel  of  the  same  analysis,  though  this  point  is 
still  open  to  discussion.  A  superiority  similar  to  that  alleged  for 
electric  steel  may  exist  for  electric  brass,  but  its  definite  proof  is  even 
farther  from  being  complete.  In  fact,  there  have  been  cases  where 
electrically  melted  metal  has  not  seemed  to  be  as  satisfactory  as  that 
from  crucibles,  though  in  other  very  similar  circumstances  it  has  been 
found  to  be  just  as  good. 

Various  other  alleged  reasons  for  the  superiority  of  electric  brass 
furnaces  have  been  brought  up  by  furnace  makers,  such  as  the 

^  Compare  Collins,  E.  R,  Electric  fdraace  for  meitiiiir  nonferrous  metiila:  Joor.CIere- 
land  Eng.  Soc,  yol,  11,  1919,  p.  293. 
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possibility  of  carrying  the  furnace  to  the  mold  and  pouring  from  it 
direct,  which  might  be  practical  in  some  cases,  but  is  of  extremely 
slight  importance  in  any  discussion  of  the  general  advantages  of 
electric  brass  melting. 

PSACHCAL  ABVASTAOES  OF  ELEGTSIC  BBASS  FTnorAGES. 

The  real  reason  for  the  rapidly  growing  use  of  electric  brass  fur- 
naces is  a  highly  practical  one.  Such  furnaces  properly  chosen  for 
the  work  in  hand,  in  a  large  majority  of  cases,  can  produce  metal  of 
satisfactory  quality  at  a  lower  total  melting  cost  than  fuel-fired 
furnaces.  They  save  metal  and  labor,  they  increase  production,  they 
eliminate  crucibles.  The  value  of  these  factors  overbalances  the 
interest  charge  on  the  high  first  cost  of  the  electric  furnace  and  the 
higher  cost,  compared  with  fuel,  under  most  co^^ditions,  of  the  elec* 
trie  current  required. 

Not  every  foundry  is  so  situated  that  electric  melting  is  cheaper 
than  melting  by  fuel,  and  neither  electric  furnaces  in  general,  nor, 
still  less,  any  particular  type  or  make  of  electric  furnace,  can  be  advo- 
cated as  a  panacea  for  all  nonferrous  melting  problems.  A  careful 
consideration  of  plant  conditions  and  of  the  performance  of  all  types 
of  electric  furnaces  operating  under  similar  conditions,  as  far  as 
such  operation  can  be  found,  is  essential  before  deciding  to  change 
from  fuel-fired  to  electric  furnaces. 

When  such  a  careful  consideration  of  conditions  is  made,  how- 
ever, it  is  evident  that,  taking  the  brass  industry  as  a  whole,  the 
economic  conditions  so  strongly  favor  electric  melting  that  it  is 
probably  only  a  matter  of  time,  and  not  a  very  long  time,  before 
such  mehing  will  become  standard  practice  for  brass  and  bronze. 
Already  the  use  of  electric  furnaces  is  growing  at  a  more  rapid  rate 
in  the  brass  industry  than  during  the  analogous  period  in  the  his- 
tory of  the  steel  industry,  and  the  ratio  of  the  tonnage  of  electric 
brass  to  the  total  tonnage  is  already  much  greater  than  that  of 
electric  steel  to  the  total  output  of  steel.  There  are  almost,  if  not 
quite,  as  many  electric  furnaces  installed  for  melting  nonferrous 
alloys  in  the  United  States  to-day  as  there  are  for  electric  steel. 

DIEFEKENCES  BETWEEN  BEASS  HELTINa  AITD  STEEL  KELTINO. 

Consideration  of  theoretical  advantages  and  of  the  high  state  of 
perfection  that  the  electric  furnace  has  attained  for  melting  steel 
might  give  the  impression  that  the  application,  of  the  electric  sted 
furnace  to  the  melting  of  nonferrous  alloys  is  a  simple  matter, 
and  that  because  of  the  lower  melting  points  of  brasses  and  bronzes 
their  melting  should  be  simpler  than  that  of  steel.  If  certain  physi- 
cal properties  of  molten  steel  and  of  molten  brass  he  considered, 
however^  it  will  be  &bai  that  steel  and  brass  offer  two  distinct  sets 
of  conditions. 

68723"— 22 3 
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TTPES  OF  STEEL  FUBN  AGES. 

According  to  Miller,*"*  on  January  1, 1917,  out  of  165  electric  steel 
furnaces  in  the  United  States  and  out  of  471  in  the  world  the 
proportions  of  the  different  types  were  as  follows : 

Proportiona  of  different  types  of  electric  steel  furnaces  in  the  United  States 

and  in  the  tcorld. 


World 

United  States. 


Direct 
arc. 


Percent. 
69i 
89 


Indirect  >   Induo- 
arc.         tion. 


Per  cent.   Per  cent . 
20  lOi 


9 


2 


Out  of  some  400  electric  steel  furnaces  in  the  United  States  and 
Canada  **  only  f our^  or  1  per  cent,  are  induction  furnaces.  About  5 
per  cent  are  indirect  arc,  the  other  94  per  cent  being  direct^arc  fur- 
naces. Out  of  some  160  furnaces  in  England  only  four  are  induc- 
tion furnaces. 

SBAWBACES  OF  STEEL  FUKNACES  FOB  BBASS  ICELTINO. 

Induction  furnaces  of  the  ordinary  horizontal-ring  type  will  not 
melt  brass,  bronze,  or  similar  copper  alloys;  their  electrical  resist- 
ance is  so  low  that  in  order  to  introduce  enough  power  for  melting 
the  current  must  be  so  high  that  the  "  pinch  force  "  ^®  comes  into  play 
and  the  conducting  ring  of  metal  no  longer  stays  in  place  in  the  fur- 
nace. Hence  the  only  types  of  steel  furnaces  that  might  be  adapted 
to  brass  without  material  change  are  arc  furnaces. 

But  the  temperature  of  the  carbon  arc  is  about  3,500°  C.,*^  and 
the  boiling  points  of  various  pure  metals  are  given  as  follows : 

BoUing  points  of  various  pure  metals. 


Metal. 

Boiling  point. 

Metal. 

Boiling  point. 

Iron 

«2,450 
2,310 
2,270 
1,900 

»<7. 

h  2,450 
2,350 
2,260 
1,900 

1 

Lead 

•(7. 
1,525 
1,440 
<<920 

1,640 

1,440 

920 

1.555 

Copper 

«2,305  i 
2,270 

Antimonv 

1.330 

Tin 

Zinc 

930 

Maneanesc 



•  Greenwood,  H.  C,  The  boiling  points  oif  metals :  Trans.  Faraday  Soc,  vol.  7,  pt.  2. 
1011.  p.  161. 

^Johnston,  J.,  The  vapor  pressure  and  volatility  of  several  hl^h-boillnsr  metals:  Joar. 
Ind.  Eng.  Chem.,  vol.  9,  1017,  p.  870 ;  Watts,  O.  P.,  The  metals  Sn  order  of  th^r  boiling 
points :  Trans:  Am.  IHectrochem.  Soc,  vol.  12,  1907,  p.  141. 

"  Ruff,  O.  and  Bergdall,  B.,  Researches  at  high  temperatures :  Ztschr.  anorg.  Chem.,  vol. 
106,  1010,  p.  16;  Cbem.  Abstr.  vol.  18,  1010,  pp.  304,  S054. 

'Burgess,  G.  K.,  work  died,  p.  438;  compare  Dewey,  F.  P.,  VoIatlllEatlon  In  assay- 
ing: Mln.  and  Met,  No.  158,  sec.  81,  S^b.,  1020;  Met  and  Chem.  Eng.,  vol.  22,  1020, 
p.  707.  

^  Miller,  D.  D.,  Industrial  heating  as  a  eentral-statlon  load :  Supplement  Society  for 
Electrical  Development,  1017. 

>•  Cone,  E.  F.,  The  status  of  the  electric  steel  industry :  Iron  Age,  vol.  107,  1021,  p.  60. 
.*HeH]|g,  C,  The  pinch  phenomenon:  Trans.  Am.  Electvocheai.  Boe.,  yoL  11,  10^. 
p.  820. 

■^  Burgws,  0.  K.,  Meumrement  of  high  temperatures :  1012,  p.  464. 
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In  a  direct-arc  steel  furnace  the  arc  is  in  contact  with  metal  or 
with  a  comparatively  thin  layer  of  slag.  Probably  there  is  very  little 
volatilization  of  iron  in  such  a  steel  furnace,  as  the  conduction  of 
heat  through  the  molten  metal  probably  suffices  to  keep  all  save  a 
very  small  portion  of  the  bath  below  the  boiling  point ;  nevertheless, 
when  ferromanganese  is  remelted  in  a  furnace  of  the  direct-arc  type 
there  is  a  high  loss  of  manganese,  unless  the  voltage  of  the  furnace 
is  so  low  that  it  runs  more  as  a  resistance  furnace  than  a  true  arc 
furnace.**  Hansen"  found  a  notable  volatilization  of  copper  in 
a  direct-arc  steel  furnace  for  melting  pure  copper,  and  similar  results 
have  been  reported  by  other  observers;  but  lower-melting  copper 
alloys  have  been  melted  in  direct-arc  furnaces  with  no  trouble  from 
copper  vapor. 

The  approximate  boiling  points  of  copper-zinc  alloys  are  shown 
in  figure  1.*^  It  seems  probable  that  if  a  direct-arc  steel  furnace 
were  used  for  melting  a  true  copper-tin  bronze  there  would  be  little 
loss  by  volatilization,  because  the  boiling  points  of  both  metals  are 
high.  For  alloys  containing  much  lead  or  antimony  some  loss  might 
be  expected,  and  for  alloys  of  copper  with  much  zinc,  such  as  yellow 
brass,  the  loss  would  be  decided. 

This  is  brought  out  still  more  clearly  by  Johnston,***  who  shows 
that  the  partial  pressure  of  zinc  vapor  at  1,200*^  C.  is  about  two  and 
one-half  atmospheres  for  60:40  brass,  two  for  63:35,  and  one  and 
one-half  for  70 :  30. 

For  nickel  or  cobalt  alloys  not  containing  zinc,  such  as  Monel. 
nichrome,  chromel,  and  Stellite,  the  types  of  furnaces  used  for  steel — 
direct  arc^  indirect  arc,  and  horizontal-ring  induction — are  suitable, 
and  all  these  types  are  used.  tNickel  brass,  or  German  silver,  how- 
ever, more  closely  resembles  brass  and  is  not  melted  in  the  steel- 
making  types. 

Indirect-arc  furnaces,  in  which  the  arc  is  struck  over  the  metal, 
but  in  fairly  close  proximity  to  the  bath,  should  show  less  loss  by  vola- 
tilization than  direct-arc  furnaces.  However,  as  hot  molten  metal  is 
lighter  than  polder  molten  metal,  and  as  the  arc  must  be  above  the 
bath,  there  is  a  possibility  of  the  production  of  a  superheated  surface 
layer  of  metal  on  top  of  the  bath,  directly  under  the  arc,  so  that  the 
boiling  point  of  the  alloy  may  be  exceeded  in  this  layer  and  vola- 
tilization losses  ensue. 

»  RodeoliauBer*  W..  Ferromangan  als  Desoxydationsmlttel.  1915,  p.  86. 

"■Hansen,  C.  A.,  Copper  poisoning:  Met.  Chem.  Bng.,  vol.  0,  1911,  p.  67;  Electric 
melting  of  copper  and  Ixrass:  TranR  Am.  Inst.  Metals,  toI.  6,  1912,  pp.  122-129. 

**  Reprinted  from  Bull.  73,  Bureau  of  Mines^  flgare  2,  p.  129. 

*  Johntton,  J.,  The  volatility  of  the  conatltuenta  of  brass :  Jour.  Am.  Inst.  IDatalfl^  Tol. 
18,  1918,  p.  20. 
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It  will  be  diown  later  that  the  applicability  of  the  direct-arc  and 
indirect-arc  types  of  steel-melting  furnaces  to  brass  is  limited  for 
alloys  with  volatile  constituents — ^just  as  the  theory  would  indicate — 
and  that  to  extend  electric  melting  to  such  alloys  it  has  been  neces- 
sary to  develop  types  of  furnaces  radically  different  from  those  in 
use  for  steel  melting. 

TYPES  OF  COHHEECIAL  ELECTBIC  MELTING  FUENACES  FOR 

STEEL. 

All  electric  furnaces  generate  heat  by  the  flow  of  current  through 
a  resistor,  which  may  be  solid,  liquid,  or  gaseous.  The  gaseous- 
resistance  furnace  is,  however,  an  arc  furnace,  which  is  the  first  sub- 
division usually  made  in  the  classification  of  electric  furnaces. 

If  the  arcs  are  drawn  from  carbon  electrodes  directly  to  the  ma- 
terial to  be  heated,  the  furnace  is  a  direct-arc  furnace.  If  the  arcs 
are  drawn  to  a  slag  or  to  a  material  that  has  a  relatively  high  re- 
sistance^ the  direct-arc  furnace  may  become  a  combination  arc- 
resistance  furnace.  In  general,  the  arc  heating  so  overbalances  the 
resistance  heating  that  the  latter  is  negligible.** 

On  the  other  hand,  if  the  arc  voltage  is  very  low  the  resistance  of 
the  bath  may  be  considerable  in  comparison  with  that  of  the  arc. 
In  the  extreme  case  the  voltage  may  be  so  low  that  there  is  no  true 
arc,  but  merely  a  sort  of  contact  resistance  between  the  electrodes 
and  the  bath. 

In  practically  all  the  arc,  arc-resistance,  and  contact-resistance 
furnaces  at  least  one  electrode  hangs  vertically  and  its  lower  end  is 
in  close  proximity  to  the  bath. 

Direct-arc  furnaces  may  be  (a)  single  phase  with  one  top  electrode 
and  one  bottom  electrode  making  direct  contact  with  the  bath 
(Siemens,*^  Snyder,*®  Massip  *®«)  ;  (6)  single  phase  with  two  top  elec- 
trodes (Heroult**) ;  (o)  polyphase  with  two  or  more  top  electrodes 
and  one  bottom  electrode,  which  may  be  in  one  piece  or  in  several 
(Girod,**  Mathusius,*^  Snyder,"  Gronwall-Dixon,'*  Greaves-Etoh- 

*  Bodemhanser,  W.,  and  Schoenawa,  J.,  translated  by  vom  Baur,  C.  H.  TElectric  fur- 
naces In  the  iron  and  steel  industries],  1917,  p.  80. 

'^  Siemens,  W.,  English  Patent  2,110  of  1879. 

«  Snyder,  F.  T.,  U.  S.  Patent  1,167,026,  Jan.  4,  1916. 

>^  llassip,  G.»  U.  S,  Patent  1,080,840,  Dec.  0,  1913. 

» Heroult,  P.  L.  T.,  U.  S.  Patent  707,776,  Aug.  20,  1902. 

»Girod,  P.,  U.  S.  Patent  921,228,  May  11,  1909;  Buck,  C.  C,  The  Bethlehem  10-ton 
Qirod  steel  furnace:  Trans.  Am.  Electrochem.  Soc,  vol.  31,  1917,  p.  81. 

*^  See  Rodenhauser,  W.,  Ferromangan  als  Desoxydationsmlttel,  1915,  p.  50. 

« Industrial  Electric  Furnace  Co.,  Electric  Furnace  Bulletin,  October,  1917  ;  Snyder, 
F.  T.,  U.  8.  Patent  1,327,174,  Jan.  6,  1920. 

"  Crowley,  J.  A.,  The  Gronwall-Dixon  electric  furnace :  Foundry,  vol.  44,  1916,  p.  497 ; 
liHxon,  J.  Ih,  U.  S.  Patent  1,198,626,  Sept  19,  1916. 
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ells,"  Greene,**  Booth-Hall,"  Moore,"^  Webb,«  Keller  »•)  ;  (d)  poly- 
phase, three  or  more  top  electrodes,  no  bottom  electrode  (Heroult,** 
Burke,*^  Ludlum,*'  vom  Baur,**  Price-Dixon,^*  Snyder,**  Masera,*' 
and  Dryssen*''). 

In  all  types  with  a  bottom  electrode  that  electrode  may  be  of  con- 
ducting material,  such  as  carbon  or  metal,  or  may  be  of  a  second- 
class  resistor ;  that  is^  <mi^  that  conducts  only  when  hot,  as  magnesite. 

Of  arc-resistance  furnaces,  or  resistance  furnaces  structurally  sim- 
ilar to  direct-arc  furnaces,  the  examples  are  fewer.  They  include  the 
Wile,  shaft,*®  and  tilting,*®  and  the  Schemman  and  Bronn.***  Of  in- 
direct-arc furnaces,  with  the  arc  struck  between  carbon  electrodes 
over  the  metal  bath,  the  commercial  examples  are  the  Rennerfelt,*^ 
two-phase,  and  Stassano,'*,  three-phase. 

A  r6sum6  of  present  electric  steel  practice  is  given  by  Diller.** 

The  various  induction  furnaces  that  have  had  commercial  use 
(Colby,  Kjellin,  Frick,  Roechling-Rodenhauser)  are  described  by 
Eodcnhauser  and  Schoenawa  **  and  by  vom  Baur." 

*A  Sec  Rodenhanser,  W.,  and  Schoenawa,  J.,  translated  by  Tom  Banr,  C  H.,  woric  dted, 
p.  26. 

"  Rolling  cylinder  electric  steel  fomace :  Foundry,  vol.  44,  1918,  p.  880. 

MBootb,  W.  K.,  The  Booth-HaU  electric  furnace:  Trans.  Am.  Electrochem,  See.,  ToL 
83,  1918,  p.  95. 

"^  Achpson  Graphite  Co.,  Electric  furnaces  made  In  the  United  States,  Beptontber*  1919, 
pp^  10,  14 ;  Moore,  W.  E.»  U.  8.  Patent  1,304,350,  May  20,  1919. 

» Industrial  Electric  Furnace  Co.,  Electric  Furnaco  Bulletin  No.  40,  1917,  p.  10. 

»  Stansflfld,  A.,  The  electric  furnace  1914  ed.  p.  228. 

^^  Sre  Rodenhauser,  \V.,  and  Schoenawa,  J.,  trauslated  by  vom  Baur,  work  cited. 

*»  Burkes  J.,  U.  S.  Patent  1,082,459,  Dec  23,  1013. 

^  Sawhill,  R.  v.,  Melting  all  scrap  In  tbe  electiic  fonukce :  Foundry,  toI.  45,  191T,  p.  389. 

*•  vom  r.aur,  C.  H.,  The  vom  T.aur  arc  furnace :  Trans.  Am.  Blectrochem.  Soc,  vol.  33, 
1918,  p.  137 ;  U.  S.  Patents  1,252,638,  Jan.  8,  1918,  and  1,385,411,  July  26,  1921. 

<<  Acheson-Graphlte  Co.,  Electric  furnaces  made  In  the  TTuitod  States^  p.  11. 

^  Industrial  Electric  Furnace  Co.,  advertisement :  Foundry,  voL  48,  1920,  Feb.  15,  p^  61. 

*«Maseia,  C,  U.  S.  Patent  1,320.884,  Nov.  4,  1919. 

^^Dryssen,  W.,  U.  S.  Patent  1,817,011,  Oct  7,  1919. 

«  Wile,  U.  S.,  U.  S.  Patent  947,723.  Jan.  25,  1910. 

«  Wile,  R,  S.^  U.  S.  Patent  1,070,568,  Aug.  19.  1913. 

BO  Scliemmann,  W.,  and  Bronn,  J.,  U.  S.  Patent  1,056,456,  Mar.  18,  1918;  see  also 
Rodenhauser,  W..  Ferromanf^an  als  Desoxydationsmlttel.     1915,  p.  26. 

»i  Bennerfelt,  I.,  U.  8.  Patent  1,076,518,  Oct  21,  1913 ;  vom  Baur,  C.  H.,  The  Renner- 
felt  electric-arc  furnace:  Trans.  Am.  Electrochem  Soc,  vol.  29,  1916,  p.  497;  Bennerfelt 
electric-furnacr  operation  :  Trans.  Am.  Electrochem.  Soc,  vol  81,  1917,  p.  87 ;  Roden- 
hauser, W.,  and  Schoenawa,  J.,  translated  by  vom  Baur,  C.  H.,  Electric  ftirnaces  in  iron 
and  steel  industry.     1917.    p.  101. 

"Stassano,  B.,  U.  S.  Patents  799405,  Sept  12,  1906;  1,024,657,  Apr.  80,  1912; 
1,059,499,  Apr.  22,  1913 :  and  1,105,859,  Aug.  4,  1914 ;  see  also  Rodenhauser,  W.,  and 
Schoenawa,  J.,  work  cited,  p.  lOG. 

"  Dlller  H.  E.,  Pointers  on  electric  steel  furnace  practice :  Foundry,  vol.  47,  1919,  p. 
239 :  see  also  Seede,  J.  A.,  Electric  furnaces  for  production  of  steel  and  ferro  alloys :  Gen. 
Elec.  Rev.,  vol.  21,  1918,  p.  767;  Moore,  W.  B.,  Electric  furnaces  for  steel  foundries: 
Eloc.  Jour.,  vol.  16,  1919.  p.  ."^BO :  Lindemuth,  L.  B.,  The  position  of  the  electric  furnace 
in  iron  and  s^oel  metallurgy :  Trans.  Am.  Blectrochem.  Soc,  vol.  87,  1920,  p.  611. 

•*  Rodrnhauser.  W.,  and  Schoenawa,  J.,  work  cited,  p.  173  ff. 

"  Vom  Baur,  C.  H.,  Electric  Induction  furnaces  for  steel :  Trans.  Am.  Electrochem. 
Soc,  vol.  22,  1912,  p.  117. 
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A  recent  modification  made  by  the  General  Electric  Co.  is  described 
by  Unger  and  Scharscliu."* 

Of  all  these  various  types  and  makes  of  steel  furnaces  only  two — 
the  Snyder  and  the  Rennerfelt — have  had  appreciable  commercial 
application  to  brass  or  bronze,  and  the  use  of  these  two  is  strictly 
limited  to  alloys  low  in  zinc.  Other  types  and  makes  are  used  in 
melting  nickel  alloys. 

TYPES  OF  BBJUSS  FUBNAGES. 

A  great  variety  of  designs,  many  of  them  markedly  different  from 
steel-furnace  designs,  have  therefore  been  tried  or  suggested  for  brass 
and  bronze,  as  has  been  shown  in  Table  2. 

Electric  brass  furnaces  should  be  considered  first  as  brass  furnaces 
and  second  as  electric  furnace? ;  that  is,  the  user  is  concerned  with 
quality,  rate  of  production,  and  cost  of  production  rather  than  with 
Irilowatt  hours,  power  factor,  load  factor,  volts,  and  amperes. 

The  electrical  characteristics  of  the  furnace,  however,  affect  its 
reliability,  its  efficiency,  and  thus  its  operating  cost,  as  well  as  its 
desirablity  as  a  load  for  the  power  plant  or  the  central  station,  and 
therefore  should  be  considered.  For  this  reason  electric  brass  fur- 
naces have  to  be  classified  not  only  in  regard  to  their  behavior  as 
brass  furnaces  but  also  in  regard  to  the  means  by  which  they  gen- 
erate heat  from  the  electric  current.  They  will  be  discussed  under 
the  following  heads : 
A-,  Crucible  furnaces  (with  few  exceptions,  of  the  carbon  resistance 

type). 

a.  Lift-out. 
6.  Tilting. 
B.  Hearth  or  noncrucible  furnaces. 

a.  Carbon  resistance,  radiated-heat  type. 
6.  Arc  furnaces. 

I.  Smothered  arc. 
H.  Direct-arc  type. 

a.  Stationary  furnace. 

1.  Open  arc. 

2.  Arc  .to  slag  or  slag  resistance. 

3.  Low- voltage  arc  or  contact  resistance* 
p.  Moving  furnaces. 

III.  Indirect-arc  type. 

a.  Stationary  furnaces. 
6.  Moving  furnaces. 

"Unger,  M.,  and  ScharBchu,  C.  A.,  New  type  of  Induction  electric  furnace:  Iron  Age, 
Tol.  108,  1921,  p.  344. 
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c.  Internal  metallic  resistance  furnaces, 
a.  Horizontal-ring  induction, 
p.  Pinch-force  resistor. 
Y*  Vertical- ring  induction. 
8.  High-frequency,  eddy-current  induction. 

OPEEAHON  OF  ELECTBIC  BSASS  FUBNACES  DOES  NOT  SEQUIBE 

AH  ELECTBICAL  EHOIHEEB. 

Although  constant  reference  has  to  be  made  to  electrical  terms  in 
describing  electric  brass  furnaces,  and  these  terms  are  defined  in 
this  report,  there  should  be  no  misconception  as  to  the  amount  of 
electrical  knowledge  necessary  for  the  oper^^tion  of  electric  brass 
furnaces. 

One  does  not  have  to  be  an  electrical  engineer  to  understand  the 
operation  of  an  electric  furnace  any  more  than  one  has  to  be  an 
automotive  engineer  to  understand  the  operation  of  an  automobile. 
Several  types  of  commercial  electric  brass  furnaces  have  been 
operated  regularly  and  satisfactorily  by  negro  crews.  Even  the 
superintendent  of  a  brass  foundry  using  electric  furnaces  need  con- 
cern himself  but  slightly  with  the  purely  electrical  side  of  the  installa- 
tion. An  electric-furnace  load  is,  generally  speaking,  so  desirable 
to  a  central  electric  generating  station  that  the  station,  if  consulted 
in  the  choice  and  during  the  installation  of  the  furnaces,  will  gladly 
supply  all  needed  electrical  advice.  Central  stations  on  the  lookout 
for  desirable  loads  have  contributed  much  to  the  development  of 
the  commercial  use  of  electric  brass  furnaces. 

If  the  electric  furnace  is  built  and  installed  by  a  furnace  maker 
who  has  the  proper  combination  of  electrical  engineering  knowledge, 
electric  furnace  experience,  and  acquaintanceship  with  brass  melting 
and  brass  foundry  problems — the  last  factor  is  by  no  means  the  least 
important — he  should  be  able,  during  the  time  he  spends  in  teaching 
the  foundry  force  to  run  the  furnace,  to  impart  to  them  all  the  elec- 
trical knowledge  necessary.  With  the  engineers  of  the  local  central 
station  ^^  eager  to  assist  in  the  solution  of  problems  that  might  arise 

"'Compare  St.  John,  H.  M.,  Commercial  testinf?  of  metallurgical  electric  furnaces: 
Chem.  and  Met.  Eng.,  vol.  21,  1019,  p.  877 ;  Tbe  present  status  of  electric  brass  melting; 
Elec.  World,  vol.  1,  1918,  pp.  1129,  1216;  Blectric  brass  melting  from  the  central-sta- 
tion viewpoint :  Trans.  Am.  Inst.  Metals,  rol.  9,  1915,  p.  896 ;  Crosby,  B.  L.,  Tbe  present 
status  of  tbe  electric  furnace:  paper  at  Central  Station  Bales  Managers*  Assn.  Meeting, 
August,  1914 ;  Electric  furnaces  and  tbe  central  station :  Elec  Rey.,  vol.  74,  1919,  p.  799; 
Blectric  furnaces  and  industrial  foundries:  Blec.  Rev.,  vol.  75,  1919,  p.  1022;  Smith, 
A.  C,  Tbe  electric-arc  melting  furnace  and  tbe  central  station  electric  company :  Trans. 
Am.  Electrocbem.  Soc.,  vol.  37,  1920,  p.  701;  Wilcox,  B.  A.,  Blectric  power  from  the 
standpoint  of  tbe  central  station  :  Trans.  Am.  Blectrochem.  Soc,  vol.  87,  1920,  p.  589 ; 
Wlrme,  H.  A.,  The  electric  melting  furnace  as  a  central  station  load:  General  Blectric 
Bev,  vol.  24,  1921,  p.  510. 
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in  their  field,  no  foundry  need  refrain  from  installing  an  electric 
brass  furnace  merely  because  its  fcHrce  does  no4  include  an  expert 
in  electrical  theory. 

TEBJONOLOeY  AHB  FUNDAMENTAL  2LE0TBIC  FRINCIPIES  OF 

ELECTSIC  FITBNACES. 

In  describing  and  discussing  electric  furnaces  it  is,  however,  neces- 
sary to  use  certain  electrical  terms,  and  in  order  to  comprehend  the 
action  of  the  furnaces  some  of  their  governing  principles  should 
first  be  understood.  These  terms  and  principles  are  given  below, 
briefly;  rigid  definitions  are  not  attempted.  For  further  details 
standard  works  should  be  consulted.'*® 

An  electric  furnace  is  a  device  in  which  electrical  ^lergy  is  changed  into  heat 

An  electric  current  is  a  flow  of  electricity.  It  can  not  be  exactly  defined. 
It  Is  meaanred  in  ampercM,  wMch  give  the  rate  of  flow  of  the  current 

Direct  current,  or  D.  C,  is  current  that  flows  in  one  direction  only,  as  In  a 
storage  battery.    It  is  not  used  in  any  electric  brass  furnace. 

Alternating  current,  or  A.  C,  is  a  current  that  flows  first  in  one  direction  and 
then  in  the  other.  AU  electric  brass  furnaces  except  one  utilize  alternating  cur- 
rent  The  rate  at  which  alternating  current  reverses  its  direction  is  the  fre- 
quency or  periodieUy  of  the  current.  UsuaUy  alternating  current  is  eO<:ycle; 
that  is,  it  reverses  its  direction  60  times  per  second ;  25-cycle  is  sometimes,  and 
40-eycle  rarely,  used.  High  frequency  current,  as  used  in  only  one  furnace,  may 
go  up  to  25,000  cycles.  This  one  furnace  may  also  use  oscillatory  current  in 
which  a  discharge  gap  is  used,  through  which  current  flows  at  short  intervals. 
While  the  current  flows  it  oscillates  back  and  forth.  The  oacUlatory-current 
system  for  this  one  furnace  requires  condensers,  which  are  devices  for  the  stor- 
age of  one  type  of  electric  energy. 

An  electric  circuit  is  the  path  of  the  current  The  unit  of  electric  current  is 
the  ampere. 


"  Stansfleld,  A.,  Electric  furnaces  as  applied  to  ^onferrous  metallurgy :  Jour.  Inst 
Metals  (British),  vol.  16,  1916,  p.  801;  The  electric  furnace,  1M4  ed. ;  Rodenhauser,. 
W.,  and  Schoenawa,  J.,  translated  by  rom  Banr,  C.  H.,  Eaeetric  furnaees  In  the  iron  and 
steel  industry,  1917  ed. ;  Boland,  A.  I.,  Applied  electiidty  for  practical  m«o,  1916  ed. ; 
Fowle,  F.  F.,  Standard  handbook  for  electrical  engineers,  sect.  19;  Kent,  R.  T.,  Me- 
chanical engineers'  pocketbook;  Marks,  L.  S.,  Mechanical  engineers*  handbook,  sec.  14; 
Lyon,  D.  A.,  and  Keeney,  R.  M.,  Electric  furnaces  for  making  Iron  and  steel:  Bull.  67^ 
Bureau  of  Mines,  1916,  144  pp. ;  Lyon,  D.  A.,  Keeney,  R.  M.,  and  Cullea,  J.  F.,  Tlw  electric 
furnaoe  In  metaUurglcal  work  ;  Bull.  77,  Bureau  of  Mines,  1916,  216  pp. ;  Seede,  J.  A,  Elec- 
tric furnaces:  Gen.  Elec.  Rev.,  vol.  11,  1914,  p.  653;  Electric-furnace  control,  vol.  J3, 
1916,  p.  501 ;  Society  for  Electrical  Development,  Industrial  beating  as  a  central-station 
load,  pt.  1,  Electric  furnace:  Bull.,  1917;  St.  John,  H.  M.,  Electric  brass  melting,  its 
progress  and  present  importance :  Blec.  Jour.,  vol.  16,  1919,  p.  873 ;  The  evolution  of  the 
electric  brass  furnace :  Iron  Age,  voL  105,  1920,  p.  1228 ;  Trans.  Am.  Electrocbem.  Soc, 
vol.  37,  1920,  p.  161 ;  The  Influence  of  the  electric  furnace  on  the  metallurgy  of  the  non- 
ferrous  metals:  Trans.  Am.  Electrochem.  Soc,  vol.  40,  1921  (not  yet  published) ;  Snyder, 
B.  T.,  A  B  C  of  iron  and  steel,  Chapt.  XVIII :  Electric  steel,  1915.  p.  253 ;  West,  C.  J., 
The  electric  furnace  as  applied  to  metallurgy  (Bibliography,  190(^1919)  :  Trans.  Am. 
Electrochem.  Soc.,  vol.  67,  1920,  p.  461 ;  Aoheson  Graphite  Co.,  Brass  melting  (pamphlet) : 
Aug.,  1920;  B.  M.  J.,  Electric  furnaces  for  brass  melting:  Mech.  World  (Manchester, 
England),  voL  67,  1920,  pp.  6,  106,  198. 


30  BLECTmC  BRASS  FUBNACB  PRACTICE. 

The  voH  is  tiie  unit  of  electrical  pressnre  and  is  the  electrical  analogae  of 
^drostatic  head  in  flnlda  The  ifoUoffe  is  the  measnie  of  the  force  that  urges 
the  current  to  flow. 

Electric  power  is  transmitted  with  the  least  loss  at  high  voltages,  hence  much 
long-distance  transmission  is  done  at  voltages  as  hig^  as  68,000  volts  or  moreu 

Transmission  voltages  from  near-by  central  stations  are  usually  6,600, 4,400^  or 
2,200  volts.  The  voltage  used  on  the  electric  brass  furnaces  themselves  is  much 
lower,  being  usually  not  over  120. 

Electrical  power  is  the  rate  of  use  of  electrical  energy  and  Is  measured  in 
icatts.  One  thousand  watts  equals  1  kilowatt  (kw.).  A  fomace  Is  rated  in 
kilowatts  as  to  its  ability  to  absorb  power.  Etectrioal  energy  is  that  which  is 
transformed  into  heat  in  the  electric  furnace.  It  is  electrical  power  used  for  a 
definite  time  and  is  measured  in  watt  hours,  or  in  commercial  furnace  work  in 
kilowatt  hours  (kw.  h.).  A  kilowatt  hour  is  the  unit  by  which  electric  energy 
is  paid  for.  One  kilowatt  hour,  for  furnace  use,  usually  costs  between  1  and  2 
cents.    One  kilowatt  hour  equals  8,412  B.  t  u. 

Povcer  factor  (P.  F.)  is  a  number  not  greater  than  1,  by  which  the  apparent 
power  ( volts X amperes)  has  to  be  multiplied  to  give  the  real  power  (watts). 

Where  the  power  factor  is  unity,  volts X  amperes  Xl,000^kilovolt  amperes 
(kv.  a.)=kilowatts.  Where  it  is  less  than  unity,  voltsXamperesXl,OOOX power 
factor=kilovolt  amperes  X  power  f actor ==kilowatts.  The  power  factor  is  always 
unity  with  direct  current;  it  is  nearly  unity  in  most  resistance  furnaces,  seldom 
unity  in  electric-furnace  leads,  is  usually  around  0.80  to  0.90  (usually  written 
^  to  90  per  cent  or  80  to  90, 100  being  taken  as  unity  power  factor)  in  arc  fur- 
naces, and  is  likely  to  fall  lower  in  induction  ftimaces.  It  is  sometimes  denoted 
by  cos  ♦.  Central  stations  usually  charge  a  "  penalty  ••  in  their  power  bills  when 
the  power  factor  falls  below  70.  Most  electric  induction-motor  loads  have  a 
power  factor  not  much  above  70,  so  that  electric-furnace  loads  are  usually  better 
for  the  central  station  than  many  motor  loads.  A  low  power  factor  does  not 
mean  that  more  water  must  flow  through  a  turbine  or  more  coal  be  used  in  the 
generation  of  the  power,  but  it  means  that  more  amperes  flow  through  the  cir- 
cuit Larger  wires  and  bigger  generating  machinery  are  required  to  carry  this 
excess  current  that  does  not  become  changed  into  heat  in  the  furnace. 

Alternating  current  is  usually  so  generated  and  transmitted  tliat  more  than 
one  current  flows  in  the  same  system.  Each  branch  of  these  currents  is  called 
a  pha9e.  Common  commercial  alternating  current  is  three  phase,  carried  on 
three  wires.  Two-phase  systems,  carried  on  either  three  or  four  wires,  are 
sometimes  used,  but  the  three-phase  three-wire  system  is  most  common.  In 
it  each  of  the  three»  currents  travels  on  two  of  the  wires*  or,  when  connected 
in  another  way,  on  all  three  wires. 

One  current  only — that  is,  single-phase  power — ^may  be  taken  Off  of  two 
wires.  Unless  an  equal  amount  is  taken  off  of  the  other  two  phases  at  the 
ST.  me  time  the  full  capacity  of  the  three-phase  generator  will  not  be  utilized. 

If  a  large  variable  load  is  taken  off  of  one  phase  of  a  small  generator,  the 
^on orator  will  not  be  able  to  maintain  proper  conditions  on  the  other  two 
phases.  The  permissible  single-phase  load  that  can  be  taken  off  a  three-phase 
circuit  depends  on  the  capacity  of  the  generating  or  distributing  system.  In 
a  large  generating  system  a  300-kw.  single  phase  load  is  not  often  objectionable 
Where  a  plant  generates  its  own  power  from  one  small  generator,  a  much 
smaller  single-phase  load  might  be  impossible  to  handle.  Most  plants  that 
melt  brass,  however,  take  their  power  from  large  generating  systems  that  can 
handle  large  single-phase  loads;  and  since  electric  brass  furnaces  seldom  draw 
over  300  kv.  a.,  the  great  majority  of  such  furnaces  are  single  phase,  as  they 
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are  electrically  simpler.  A  few  two-phase  furnaces  are  used,  but  very  few 
tbree-phase  brass  furnaces  are  now  in  commercial  operation.  In  steel  fur- 
naces the  situation  is  Just  the  reverse,  ttie  vast  majority  being  three  phase, 
only  a  few  being  mn  on  two-phase  or  single-phase  systems. 

The  power  used  in  a  balanced  three-phase  three-wire  system  is  not  3XvoltsX 
amperesXpower  factor,  but  V3 X volts X amperes Xpower  factor.  Three-phase 
power  can  be  transformed  to  two-phase  by  a  special  connection  of  the  trans- 
formers Imown  as  the  Scott  conneeticn  and  the  three-phase  load  still  kept 
sufficiently  balanced.  Three-phase  power  can  not  be  transformed  Into  single 
phase  and  keep  the  three-phase  load  balanced  save  by  the  use  of  a  three-phase 
motor,  single-phase  generator  set. 

A  transformer  is  a  device  having  primary  and  secondary  coils  by  which  power 
at  one  voltage  apd  amperage  is  changed  without  much  loss  into  power  at  an- 
other voltage  and  amperage;  for  example,  a  transformer  may  take  6,600-volt 
current  at  34  amperes  on  the  primary  and  deliver  it  to  a  furnace  at  110  volts 
and  2,000  amperes  on  the  secondary.  The  transformer  may  have  several  taps, 
from  each  of  which  a  different  voltage  may  be  taken.  An  autotransformer  is  a 
type  adapted  for  use  when  little  change  of  voltage  is  needed. 

Current  is  carried  on  conductors,  where  its  conversion  into  heat  is  not  desired, 
and  carried  through  resistors  where  it  is  to  be  so  converted. 

Conductors,  such  as  copper,  allow  current  to  pass  readily;  resistors,  like 
crushed  carbon,  allow  it  to  pass  with  difficulty  and  generation  of  heat  results ; 
and  insulators,  suA  as  cold  porcelain,  practically  do  not  allow  current  to  pass 
at  all,  though,  strictly  speaking,  ihere  is  no  perfect  insulator. 

The  resistance  of  a  material  through  which  current  flows  is  the  opposition  it 

presents  to  that  flow.     Resistance  is  measured  in  ohms.     Amperes==^^^^^ 

ohms 
(Ohm*8  law). 

The  resistance  of  metals  increases  with  increase  of  temperature,  while  that 
of  the  nonmetalUc  conductors,  as  carbon,  graphite,  carborundum,  and  most 
liquids  other  than  molten  metals,  decreases  with  increase  of  temperature.  Some 
insulators  become  resistors  or  even  conductors  (sometimes  called  second-class 
conductors)  when  heated,  as  magnesite.  It  is  usually  necessary  to  heat  to 
redness  or  above.  The  resistance  of  these  materials  falls  with  increasing  tem- 
perature; they  belong  to  the  class  of  nonmetalUc  conductors. 

Conductors  used  to  carry  the  current  to  electric  furnaces  may  be  wires,  cables, 
or  biis  bars,  according  to  their  size  and  shape.  Leads  is  a  general  term  for  large 
conductors  carrying  heavy  currents  to  furnaces. 

The  current  is  brought  into  and  taken  out  from  the  furnace  itself  by  electrodes, 
which  make  connection  between  the  leads  and  the  resistor.  The  latter  may  be 
gaseous — ^that  is,  an  arc — a  solid,  or  a  liquid.  The  end  of  an  electrode  where  it 
joins  the  resistor  is  hot;  where  it  joins  the  lead  it  is  cool.  Electrodes  for 
commercial  brass  furnaces  are  usually  graphite  or  carbon,  rarely  copper;  if 
the  electrodes  are  copper  they  are  molten  where  they  join  the  resistor  and  are 
water  cooled  to  keep  tliem  solid  where  they  join  the  leads.  Graphite  electrodes 
are  also  usually  water  cooled  at  this  point.  All  electric  furnaces  except  induc- 
tion furnaces  require  electrodea 

Resistors  may  be  solid,  liquid,  or  gaseous.  The  filament  in  an  incandescent 
lamp  and  the  vapor  in  a  mercury-vapor  lamp  are  resistors.  A  furnace  using  a 
vapor  as  a  resistor  is  an  arc  furnace.  In  a  direct'arc  furnace  the  arc  is  drawn 
from  an  electrode  directly  to  the  material  to  be  melted  or  to  other  material  on 
top  of  it.  In  an  indirect-Oirc  furnace  the  arc  is  drawn  ftom  one  electrode  to 
another,  but  not  to  the  matei'ial  to  be  heated.    In  either  type,  with  carbon  or 
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gntpbUe  eWctrodes,  the  gaseous  resistor  is  largely  carbon  vapor,  ^erive^  from 
the  electro<ie,  which  is  therefore  slowly  used  up.  It  may  also  contalM  the  yuj^t 
from  any  other  sufficiently  volatile  material  la  the  neighborhood. 

A  strictly  resistance  furnace  has  a  solid  or  liquid  resistor.  Furnaces  with 
liquid  resistors  usually  £aU  into  other  classes  as  well,  so  that  a  resistance 
furnace  usually  means  one  with  a  solid  resistor.  The  restetor  may  be  divided 
into  parts,  and  the  contact  resistance  between  the  parts  may  be  much  greater 
than  the  resistance  of  the  solid  material,  as  granular  resistors  and  resistors- 
made  of  piles  of  carbon  plates.  The  resistance  of  a  conductor  or  resistor 
increases  as  the  length  is  increased  or  as  the  cross  section  Is  decreased.  The 
heat  generated  in  a  resistor  (or  in  a  conductor)  is  proportional  to  the  square 
of  the  current  and  directly  proportional  to  the  resistance,  as  well  as  to  the 
time  the  current  passes:  Heat  =  (current )'Xre8lstanceX time  (Joule*s  law). 

As  (power  factor  being  disregarded)  power  is  the  product  of  current  times 
voltage,  a  200-kllowatt  furnace  could  take  2,000  amperes  at  100  volts  or  4,<X)0 
amperes  at  50  volts.  There  are  always  some  losses  from  heat  generated  by  the 
current  outside  the  furnace  in  leads  and  electrodes.  As  the  heat  thus  gener- 
ated is  proportional  to  the  square  of  the  current,  the  higher  the  current  and 
the  lower  the  voltage  the  harder  it  is  to  keep  these  losses  low.  Other  things 
being  equal,  a  furnace  with  a  high  voltage  and  a  low  current  has  an  advantage 
over  one  of  low  voltage  and  high  current  On  the  one  hand,  the  voltage  must  be 
kept  low  enough  not  to  be  dangerous  to  life,  preferably  not  more  than  23^  voUs. 
On  the  other  hand,  the  current  must  be  low  enough  not  te  necessitate  large 
and  expensive  leads  and  electrodes  lor  holding  the  current  density  sufficiently 
low  outside  the  furnace  to  prevent  loss  of  power  by  heating. 

Current  density  is  the  amperes  per  unit  (square  ti;ich)  of  cross  section  of  a 
resistor  or  conductor.  Current  density  is  usually  around  500  amperes  per 
square  inch  in  copper  conductors  and  100  to  200  amperes  per  square  Inch  In 
graphite  electrodesi  At  very  high  current  densities  In  large  leads  the  current 
tends  to  flow  more  on  the  outer  parts  of  the  lead  and  less  in  the  center.  Thi» 
Is  called  the  "skifu  effect"  If  the  current  density  is  hi^  enough,  as  5,000 
amperes  per  square  inch,  Ib  an  induction  furnace,  a  conductor,  like  brass, 
may  become  a  resistor.  An  induction  furnace  is  a  type  of  transformer  in-  which 
the  secondary  consists  of  one  coil  only,  this  b^ng  the  charge  itself.  The 
secondary  is  also  a  resistor,  so  that  an  induction  furnace  is  a  form  of  resistance 
furnace. 

The  generation  of  current  in  the  secondary  of  an  induction  furnace  or  of  a 
transformer  is  due  to  the  presence  of  a  magnetic  field  containing  2in«a  of  force 
in  the  vicinity  of  a  conductor ;  that  is,  the  primary.  With  each  change  of  direc- 
tion of  an  alternating  current  this  magnetic  Held  ceases  to  exist  and  is  then 
reformed*  This  change  or  flux  in  the  magnetic  field  makes  the  lines  of  force 
pass  across  the  secondary,  and  in  passing  they  induce  or  generate  current 
in  the  secondary.  The  magnetic  field  Is  strongest — ^that  is,  the  lines  of  force 
closest  together — at  points  nearest  the  primary.  The  secondary,  therefore,, 
must  be  close  to  the  primary  and  so  placed  as  to  cut  all  possible  lines  of  force. 

If  any  lines  of  force  escape  without  being  cut,  these  escaping  lines  do  no 
work,  so  that  the  apparent  power  taken  from  the  primary  is  less  than  the  real 
power  sent  to  the  secondary ;  that  is,  a  transformer  or  induction  furnace  that 
allows  magnetic  leakage  has  a  low-power  factor,  less  than  unity,  and  some- 
times,  in  a  furnace,  the  power  factor  is  very  low. 

In  order  to  force  or  coerce  the  lines  of  force  to  take  a  regulated  path  an  iron 
core  Is  provided  to  interlink  the  primary  and  secondary,  since  the  nagnetkr 
flux  can  travel  more  readily  in  iron  than  in  air. 
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Proximity  of  leads  carrying  beavy  currents  to  stmctnral  ironwork  or  other 
Iron  tends  to  catise  loss  of  energy  through  magnetic  and  other  losses,  may 
affect  adversely  the  power  factor  of  the  whole  "furnace  Installation,  and  may 
«ven  make  impossible  the  transmission  of  the  proper  amount  of  power  to  the 
furnace.  The  mutual  effect  of  the  currents  In  different  leads  may  have  a  simi- 
lar effect,  which  can  be  minimized  by  interlacing  the  leads  properly. 

Eddy  currents  or  Foucault  currents  are  set  up  In  magnetizable  conductors, 
such  as  Iron,  which  are  subjected  to  cyclic  magnetization  by  being  in  the  field 
of  force  of  a  conductor  carrying  alternating  current  They  flow  more  readily 
In  solid  conductors  than  in  laminated  ones,  so  ttte  cores  of  transformers  and 
induction  furnaces  are  made  up  of  piles  of  thin  iron  ^eets.  Magnetic  eddy 
currents  cause  heating  Just  as  alternating  current  does.  They  are  small  in 
magnitude  when  the  frequency  of  magnetization  is  low,  so  eddy-current  losses 
are  usually  not  great  with  ordinary  00  or  25  cycle  power.  With  Mgh-fte- 
quency  current,  around  12,000  to  25,000  cycles,  the  heating  may  be  great,  and 
it  is  utilized  In  one  type  of  electric  brass  furnace.  The  magnetization  set  up  in 
iron  and  steel  or  in  another  conductor  near  a  conductor  carrying  heavy  cur- 
rents may  be  considerable,  so  that  In  the  design  of  a  furnace  and  In  the  instal- 
lation of  the  leads  care  must  be  taken  to  avoid  this. 

When  the  iwwer  factor  Is  low,  whatever  the  Immediate  cause  may  be,  tJie  under- 
lying cause  Is  the  presence  in  the  circuit  of  reactance.  Reactance  Is  analogous  to 
resistance;  It  impedes  or  tends  to  hold  back  the  flow  of  current  and  makes  the 
waves  of  alternating  current  reach  their  i)eak  at  a  different  Instant  from  the 
waves  of  voltage.  Reactance  may  be  intentionally  added  to  the  circuit  and,  if 
properly  chosen,  may  be  so  proportioned  to  the  resistance  of  the  circuit  as  not 
to  interfere  materially  with  the  flow  of  current  of  a  certain  strength ;  that  is. 
It  does  not  greatly  reduce  the  power  factor  at  that  current  strength,  but  Inter- 
feres more  and  more  as  the  current  is  Increased,  until  finally  the  current  can 
no  longer  increase.  This  prevents  too  great  surges  of  current  in  the  circuit 
In  arc  furnaces  the  arc  must  be  started  by  barely  making  connection  between 
the  electrodes,  witli  a  poor  contact.  Heat  Is  generated  at  this  poor  contact 
until  carbon  enough  is  vaporized  to  form  a  gaseous  resistor ;  then  an  electrode 
is  pulled  out  of  contact  with  the  other  electrode  and  the  current  is  carried 
thereafter  by  the  vapor.  Excessive  current  may  flow  while  the  electrodes  are 
in  contact  If  the  reactance  of  the  circuit  is  low.  In  a  certain  arc  furnace,  nor- 
mally operating  at  about  1,700  amperes,  a  current  of  13,000  amperes  flowed 
when  the  electrodes  were  touched  together.  After  the  insertion  of  a  Uttle 
reactance  In  the  circuit  the  maximum  short-circuit  current  was  only  4,000  am- 
peres. 

Properly  chosen  current-limiting  reactances  are  useful  in  arc  furnaces,  but 
undesirable  reactance  should  be  avoided  in  all  furnaces  and  especially  in  the 
leads.  This  problem  is,  In  general,  one  for  the  attention  of  the  furnace  maker 
when  he  builds  and  installs  the  furnace  rather  than  for  the  operator. 

A  short  circuit  is  the  Joining,  by  a  path  having  much  lower  resistance,  of 
two  parts  of  a  circuit  which  should  have  considerable  resistance  between  them, 
as  would  result  from  dropping  an  iron  bar  against  two  electrodes  of  an  arc 
or  resistance  furnace.  The  bar  would  allow  excessive  current  to  flow  and  per- 
haps burll  out  the  transformer  or  cause  other  damage.  Furnaces  should  be 
so  desdgocd  that  accidental  short  circuits  can  not  readily  occur. 

{HreuH  breakers  usually  are  Installed  to  protect  the  4ine  against  short-circuits 
or  other  overloads. 

When  two  or  more  things  that  can  carry  current,  whether  conductors,  elec- 
trodes, or  resistors,  are  one  after  the  other  in  the  same  circuit,  they  are  said 
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Ut  \m  \n  Htirifm.    When  they  are  side  by  side  or  so  amnged  tbmt  t^  csrssi- 
jm^»*u*H  fliniuKli  two  or  more  branches,  they  are  said  to  be  i»  parBOA 

(Uirr$fUi   (ttiuiM$reti),  Yoltagtf  (volts),  power   (kilowatts),  energy   (kflov^^ 
Uff»rt^),  ttfjd  iKiwer  factor  may  all  be  measured  by  meters  (ammetm.  -v-  -' 
tftPiP'rn,  qU\),  which,  as  well  as  the  switches  by  which  a  drcuit  is  made  or  -tzt 
fh^  t')r('uU.  tirwikom,  etc.,  are  generally  mounted  on  a  switchboard.    The  wbx^t 
t4»4itihtn\  viiry  wlUi  the  tyjie  of  furnace,  but  some  meters  are  needed  for   i-- 
if|^f«Mmi  (if  liny  funiuce. 

Iffmund  nirUrs,  um  woU  as  kilowatt-hour  meters,  may  be  installed *bj   '  ■ 
N*rtfriil  ^fittlon  on  thu  roudings  of  which  the  power  bill  is  made  out*  Imt   rj.- 
foriii4^r  f<r(*  not  UNUully  a  part  of  the  equipment  of  the  furnace.     The  ce&rr-. 
nifiUoti'n  kwrli.  mefiT  usually  reads  all  the  energy  for  lights,  motors,  and  :f=.- 
ifif ('«*!«  Uint  In  nmM]  In  a  plant,  being  placed  on  the  main  feed  line  to  the  p;a.r  . 
ffff/1  Mmk  r(<^tn4<*rlntf  i\w  power  used  on  the  high-tension  side  of  the  transf*  r:. - 
t^i-n  tnui  \wUtfUhu  flu*  louses  in  them.    They  can  seldom  be  read  as  closely  :.« 
|«  th*iH\tt'i\  tnv  \\m%  In  furnace  o|)eration.    Each  furnace  should  therefore  ha^- 
Hm  ih/tivniniil  kw.  \u  niHor  on  its  own  switchboard.    It  may  be  that  this  m>^  : 
Mm  fi'H  vim\t'uWi\\\}i  Imi  InHtallod  to  record  the  power  used  on  the  bigh-teosii  ^ 
»')/!<•  nf  (iM*  tiiiiiHrof'iiM*r  und  thus  to  Include  the  losses  of  power  in  transfom^' 
MM/I  I^M/lM,  DiHi  H  flopH  not  Mlunv  the  total  amount  of  power  to  be  paid  i«-r 
'Wit*  funmif  JiiiiUnr  or  Iho  (TUtral  station  in  that  case  should  be  asked  to  ^f- 
^tttnht**  IliM  niilo  li(Mw(H*n  tUo  readings  of  the  furnace  meter  and   the  ^?t3- 
fut'fiiv  ii'tiU\i'vt\  liy  llio  furuiioo  {ilus  the  transformer  and  lead  losses. 

rioiiih  ttif  fiirniiroM  mi«  provhlod  with  automatic  electrode  control  in  order  r 
fMlMM'  (Im<  liitHii'  of  o|»i*nttlnK  the  furnace  and  to  maintain  the  prox>er  pcvrt-: 
\it\iui.  '\Ui»u^  rMiilt'tilM  nvv  purely  olootrical  devices  and  their  consideration  ii 
IIiIm  |fii|i4'r  Mould  Iciiil  tlio  rtuulor  too  far  afield. 

OfliiM'  i'lrrirli'iil  Irnns  usod  are  either  self-explanatory  or  will  be 
f'xpliiiniMl  wlirii  tiM'd, 

'I  Ii4i  fuiMliiitioiUal  principles  of  furnace  design  for  thermal  effi- 
vU*uvy  urn  i\w  Hanio  for  lOoctric  as  for  fuel-fired  furnaces*  They  will 
\ir  hroiif(ht  out  in  tho  (liH(*U8mon  of  individual  furnaces. 

FACTORS  IN  THE  APPUOABniTT  OF  ELECTRIC  FUBHACES. 

Ah  hiiH  already  l>ocn  pointed  out"*  in  regard  to  fuel-fired  furnaces. 
no  oiH*  typo  or  hi/iO  of  furnace  can  meet  properly  all  the  various  con- 
dilionn  under  which  nonforrous  alloys  are  melted.  It  is  therefore 
nocoHHary,  by  the  tttudy  of  data,  to  determine  for  a  given  set  of  con- 
(litiona,  ( I )  whether  any  electric  furnace  is  preferable  to  fuel-fiired 
furfwicoH;  (2)  if  so,  what  type  will  best  serve;  and  (3)  how  it  should 
bi»  ()j)(M'ato<l  to  produce  the  best  results, 

The  main  points  to  consider  are"^  metallurgical  results,  quality  of 
product,  electrical  characteristics,  reliability  and  rate  of  production, 
thermal  efficiency,  and  costs  of  operating  and  maintenance*  These 
phanoR  of  the  subject  will  be  discussed  for  each  type  of  fomaoe. 

>*Oinett.  IT.  Wm  BniB«>fumac«  practice  in  the  United  States:  BalL  73.  Bornm  of 
Ml&i'N.  1U14.  p.  10:  GastloJi*  T.  II.  A..  Melting  furnaces:  Metal  Ind..  toI.  18,  1920,  p.  319 

*"  Compare  fit.  John.  H.  M.,  Commprcial  testing  of  metallnrsical  electric  fnmacpc : 
Chero.  and  Met.  Bnv.,  tol.  21,  1910.  p.  877. 
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;^  ^ -'  7  *  Q>  CBirCIBLE  FUBNACES  IN  GENESAL. 

f""^^  L  -:  No  carbon-resistor  crucible  furnace  has  had  any  real  success  in 
*^"^"  :^*'>rass  melting;  all  the  furnaces  commercially  used  are  of  the  non- 
-^^ -crucible  or  hearth  type.  The  necessary  requirements  for  a  success- 
r^'r    „  .'''  ful  hearth-type  furnace  will  be  given  when  that  type  is  discussed. 

Electric  crucible  furnaces  will  be  described  first,  as  they  were  the 
r  iE*:d^. :.  .first  type  to  be  tried  out.  The  furnaces  are  not  discussed  in  chrono- 
'ppoffffL.  Jogical  order,  but  in  the  order  of  their  classification  in  Table  2. 
^•^:of:ittT.  In  nonferrous  melting  with  fuel-fired  furnaces,  crucible  furnaces 
^'^^'^•'-^'  have  been  used  because  they  gave  a  high-grade  product.  There 
[J  ^_^'*''is  no  contact  with  fuel,  as  compared  to  a  cupola,  and  little  contact 
[^Q  ^.;^^^,  with  products  of  combustion,  as  compared  to  the  reverberatory  or 
fum:e<.i.:  direct  flame  (oil  or  gas)  furnaces.  Little  surface  is  exposed  as  com- 
M.  irq.r.V:  pared  to  the  reverberatory  type,  and  usually  the  passage  of  products 
>»MrerE«lf22  of  combustion  is  slower  over  the  exposed  surface.  Avoidance  of  an 
!'<ses  D/pei?:  oxidizing  atmosphere  is  fairly  easy,  and  as  the  heating  is  mainly 
iBt  ofjm^.'  from  the  bottom  upward  a  thermal  circulation  which  does  some  mix- 
'  ^^'.l  ing  is  started  by  the  rising  of  the  hot  metal.  Crucibles  have  been 
>raDdi&:*^  ^ised  for  producing  alloys  of  high  quality,  free  from  oxygen  and 
hftrodeuf^-  sulphur,  and  for  melting  brasses  high  in  zinc  in  order  to  avoid 
vMm  ixj  volatilization  of  that  element.  Metal  losses  in  melting  are  lower  and 
MMm^   the  quality  of  the  product  higher,  generally  speaking,  than  in  the 

reverberatory  type  of  furnace. 
•phnstm^        These  advantages  are  gained  by  sacrificing  speed  of  production, 

by  increasing  the  labor  cost,  because  the  capacity  of  the  average  cruci- 
rn  for  fe     t>le  is  small,  and  by  making  the  fuel  cost  high  because  of  the  extremely 
urmc^  -     ^^^  thermal  efficiency  of  a  crucible  furnace. 
nsKXS.  -"-^  ^s  improbable  that  electrically  heated  crucible  furnaces  will  be 

used  much  commercially  (1)  because  the  advantage  of  crucible  melt- 
JC  JEBtf     ing  in  quality  of  product  can  usually  be  obtained  in  electric  furnaces 

without  using  crucibles ;  (2)  because  crucibles  are  fragile  and  costly ; 
elm''  ^jjj  ^3 J  because  more  energy  is  required  to  melt  metal  in  a  crucible 
the  rt^^  ^j^j^  ig  required  to  melt  it  by  applying  the  heat  directly,  not  passing 
^^  ^         it  through  the  crucible  wall. 

jen^'^  One  of  the  fundamental  principles*^  in  the  design  of  brass  fur- 

H^f^^       naces,  especially  electric  brass  furnaces,  is  that  unless  some  strong 
ioirrf-        reason  forbids,  the  source  of  heat  should  be  as  close  to  the  material 

to  be  heated  as  possible  and  should  be  separated  from  it  (if  it  can 
L^  f ^-  not  be  in  contact  with  it)  only  by  a  material  that  will  least  resist  the 
/)ri>:-         flow  of  heat.    For  the  temperature  in  question  a  gaseous  atmosphei^e 


D^  *         offers  less  resistance  than  any  solid  or  liquid. 


*  Compare  Johnson,  W.  McA.,  and  Sieger,  0.  N.,  Electric  furnaces,  their  dealgm,  char- 
l  >*  acterlsUcs,  and  commercial  application  :  Met.  and  Chem.  E^g.,  roL  11,  1018,  p.  505 ;  Ray, 

W.  T.,  and  Krelslnger,  H.,  The  flow  of  heat  through  furnace  walls :  Boll.  81,  Bureau  of 
Mines,  1911,  80  pp. 
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to  be  ta  series.  When  they  are  side  by  side  or  so  arranged  that  the  current 
passes  through  two  or  more  branches,  they  are  said  to  be  in  paraUeL 

Current  (amperes),  voltage  (Yolts),  power  (kilowatts),  energy  (kilowatt 
hours),  and  power  factor  may  all  be  measured  by  meters  (ammeters,  volt- 
metersy  etc.)f  which,  as  well  as  the  switches  by  which  a  circuit  is  made  or  cut, 
the  circuit  breakers,  etc.,  are  generally  mounted  on  a  atcitchhoard.  The  meters 
required  vary  with  the  type  of  furnace,  but  some  meters  are  needed  for  the 
operation  of  any  furnace. 

Demand  meters,  as  well  as  kilowatt-hour  meters,  may  be  installed* by  the 
central  station  on  the  readings  of  which  the  power  bill  is  made  out,  but  the 
former  are  not  usually  a  part  of  the  equipment  of  the  furnace.  The  central 
station's  kw.-h.  meter  usually  reads  all  the  eneigy  for  lights,  motors,  and  fur- 
naces that  is  used  in  a  plant,  being  placed  on  the  main  feed  line  to  the  plant, 
and  thus  registering  the  power  used  on  the  high-tension  side  of  the  transform- 
ers and  including  the  losses  in  them.  They  can  seldom  be  read  as  closely  as 
is  required  for  use  in  furnace  operation.  Each  furnace  should  therefore  have 
its  individual  kw.-h.  meter  on  its  own  switchboard.  It  may  be  that  this  meter 
can  not  conveniently  be  installed  to  record  the  power  used  on  the  high-tension 
side  of  the  transformer  and  thus  to  include  the  losses  of  power  in  transformer 
and  leads;  then  it  does  not  show  the  total  amount  of  power  to  be  paid  for. 
The  furnace  maker  or  the  central  station  in  that  case  should  be  asked  to  de- 
termine the  ratio  between  the  readings  of  the  furnace  meter  and  the  total 
energy  required  by  the  furnace  plus  the  transformer  and  lead  losses. 

Some  arc  furnaces  are  provided  with  automatic  electrode  control  in  order  to 
reduce  the  labor  of  operating  the  furnace  and  to  maintain  the  proper  power 
Input.  These  controls  are  purely  electrical  devices  and  their  consideration  in 
this  paper  would  lead  the  reader  too  far  afield. 

Other  electrical  terms  used  are  either  self-explanatory  or  will  be 
explained  when  used. 

The  fundamental  principles  of  furnace  design  for  thermal  effi- 
ciency are  the  same  for  electric  as  for  fuel-fired  furnaces.  They  will 
be  brought  out  in  the  discussion  of  individual  furnaces. 

FACTOBS  IN  THE  APPUOABniTT  OF  ELECTRIC  FUBNACES. 

As  has  already  been  pointed  out  *•  in  regard  to  fuel-fired  furnaces, 
no  one  type  or  size  of  furnace  can  meet  properly  all  the  various  con- 
ditions under  which  nonferrous  alloys  are  melted.  It  is  therefore 
necessary,  by  the  study  of  data,  to  determine  for  a  given  set  of  con- 
ditions, (1)  whether  any  electric  furnace  is  preferable  to  fuel-fired 
furnaces;  (2)  if  so,  what  type  will  best  serve;  and  (3)  how  it  should 
be  operated  to  produce  the  best  results. 

The  main  points  to  consider  are"^  metallurgical  results,  quality  of 
product,  electrical  characteristics,  reliability  and  rate  of  production, 
thermal  efficiency,  and  costs  of  operating  and  maintenance^    These 

phases  of  the  subject  will  be  discussed  fbr  each  type  of  furnace. 

—  ■  ■    — ■ -" -•■-■■      _^,^_^^ — 

"Glllett,  H.  W.,  BrasR-famace  practice  In  the  United  States:  Ball.  78,  Bnreati  of 
lilnes.  1914»  p.  16 :  Eafitick»  T.  H.  A.,  Melting  furnaces :  Metal  Ind.,  yol.  18,  1020,  p.  819. 

*>  Compare  St.  John,  H.  M.,  Commercial  testing  of  metallurgical  electric  furnaces : 
Cbem.  and  Met.  Eng.,  vol.  21,  1910.  p.  877. 
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CBirCIBLE  FUBNACES  IN  GENERAL. 

No  carbon-resistor  crucible  furnace  has  had  any  real  success  in 
brass  melting;  all  the  furnaces  commercially  used  are  of  the  non- 
crucible  or  hearth  type.  The  necessary  requirements  for  a  success- 
ful hearth-type  furnace  will  be  given  when  that  type  is  discussed. 

Electric  crucible  furnaces  will  be  described  first,  as  they  were  the 
first  type  to  be  tried  out.  The  furnaces  are  not  discussed  in  chrono- 
logical order,  but  in  the  order  of  their  classification  in  Table  2. 

In  nonferrous  melting  with  fuel-fired  furnaces,  crucible  furnaces 
have  been  used  because  they  gave  a  high-grade  product.  There 
is  no  contact  with  fuel,  as  compared  to  a  cupola,  and  little  contact 
with  products  of  combustion,  as  compared  to  the  reverberatory  or 
direct  flame  (oil  or  gas)  furnaces.  Little  surface  is  exposed  as  com- 
pared to  the  reverberatory  type,  and  usually  the  passage  of  products 
of  combustion  is  slower  over  the  exposed  surface.  Avoidance  of  an 
oxidizing  atmosphere  is  fairly  easy,  and  as  the  heating  is  mainly 
from  the  bottom  upward  a  thermal  circulation  which  does  some  mix- 
ing is  started  by  the  rising  of  the  hot  metal.  Crucibles  have  been 
used  for  producing  alloys  of  high  quality,  free  from  oxygen  and 
sulphur,  and  for  melting  brasses  high  in  zinc  in  order  to  avoid 
volatilization  of  that  element.  Metal  losses  in  melting  are  lower  and 
the  quality  of  the  product  higher,  generally  speaking,  than  in  the 
reverberatory  type  of  furnace. 

These  advantages  are  gained  by  sacrificing  speed  of  production, 
by  increasing  the  labor  cost,  because  the  capacity  of  the  average  cruci- 
ble is  small,  and  by  making  the  fuel  cost  high  because  of  the  extremely 
low  thermal  efficiency  of  a  crucible  furnace. 

It  is  improbable  that  electrically  heated  crucible  furnaces  will  be 
used  much  commercially  (1)  because  the  advantage  of  crucible  melt- 
ing in  quality  of  product  can  usually  be  obtained  in  electric  furnaces 
without  using  crucibles;  (2)  because  crucibles  are  fragile  and  costly; 
and  (3)  because  more  energy  is  required  to  melt  metal  in  a  crucible 
than  is  required  to  melt  it  by  applying  the  heat  directly,  not  passing 
it  through  the  crucible  wall. 

One  of  the  fundamental  principles*^  in  the  design  of  brass  fur- 
naces, especially  electric  brass  furnaces,  is  that  unless  some  strong 
reason  forbids,  the  source  of  heat  should  be  as  close  to  the  material 
to  be  heated  as  possible  and  should  be  separated  from  it  (if  it  can 
not  be  in  contact  with  it)  only  by  a  material  that  will  least  resist  the 
flow  of  heat.  For  the  temperature  in  question  a  gaseous  atmosphei^e 
offers  less  resistance  than  any  solid  or  liquid, 

«  Compare  Johnson,  W.  McA.,  and  Sieger.  G.  N.,  Electric  fnmacea,  their  design,  char- 
acteristics, and  commercial  application :  Met.  and  Chem.  Eng.,  rol.  11,  1918,  p.  505 ;  Ray, 
W.  T.,  and  Kreislnger,  H.,  The  flow  of  heat  through  famace  walls :  Bull.  81,  Bureau  of 
Mines,  1911,  80  pp. 
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It  is  about  as  reascmable  to  heat  a  brick  house  by  building  a  fire 
against  the  walls  outside  instead  of  within  the  house  as  to  use  an  ex- 
ternally heated  crucible  for  brass  melting  if  a  more  direct  application 
of  heat  is  possible. 

Another  principle  of  furnace  design  is  that,  as  some  of  the  heat  sup- 
plied is  lost  by  radiation  from  the  walls  or  in  similar  ways,  the  wall 
area  should  be  as  small  as  possible  in  comparison  to  the  volume  of 
metal  to  be  melted.  This  object  can  be  accomplished  by  avoiding 
waste  space  within  the  furnace  or  by  increasing  the  size,  and  hence 
the  ratio  of  capacity,  to  the  wall  area  in  a  given  style  of  furnace 
Furnaces  to  take  a  single  crucible  have  small  capacity  in  comparison 
to  wall  area,  and  those  to  take  a  number  of  crucibles  usually  have  much 
waste  space  inside.  It  is  not  surprising,  then,  that  no  electric  crucible 
furnace  for  brass  has  proved  commercially  valuable.  This  will  be- 
come obvious  as  different  crucible  furnaces  are  considered. 

SESCBIPnOir  of  CKirCIBLE  FUBNACEft— XIFT^ITT  TYPE  AS9 

THEIS  PEBFOSMAHCB. 

XTTZOE&ALB  FXTBNACE. 

Fitzgerald  •*  in  1905  described  a  crucible  furnace  for  experimental 
work  and  in  1915  constructed  one  for  the  Titanium  Bronze  Manu- 
facturing Co.,  of  Niagara  Falls,  which  is  described  by  Vickers,** 
with  detailed  drawings. 

This  furnace  was  made  to  take  two  No.  50  crucibles,  but  as  the 
electrodes  projected  above  the  furnace  and  interfered  with  pulling 
the  pots  much  smaller  pots  were  used,  the  heats  cited  being  of  but  25 
pounds.  The  furnace  was  set  in  the  ground  like  an  ordinary  pit 
furnace.  There  were  two  cylindrical  melting  holes,  each  15  inches 
in  diameter  by  20  inches  high,  in  which  the  crucibles  were  set ;  these 
holes  had  walls  made  of  carborundum  fire  sand  and  a  bonrl 
rammed  into  place,  that  were  1^  inches  thick  and  were  surrounded 
by  4  inches  of  crushed  coke  to  serve  as  resistor.  Carborundum  fire 
,<;and  was  placed  between  the  annular  resistor  space  and  the  fire-brick 
walls  of  the  furnace.  The  two  annular  spaces  were  joined,  so  that 
the  current  entered  the  furnace  by  one  electrode  at  each  end,  ran  in 
parallel  around  both  sides  of  the  resistor  about  one  melting  hole, 
then  around  the  other  resistor,  and  out  the  other  electrode  at  the 
opposite  end  of  the  furnace.  Suitable  heat-insulating  bricks  were 
placed  around  the  sides,  top,  and  bottom  of  the  furnace,  and  pits 
were  provided  below  to  catch  the  metal  if  a  crucible  broke. 

<■  Fitzgerald,  F.  A.  J...  Resistance  ftimace  for  crucibles:  Electrocbem.  and  Met.  Ind., 
vol.  S,  1005,  p.  55. 

**  Vlckert,  C.«  Electric  furnace  as  a  copper-melting  medium :  Foundry,  toL  45,  1917, 
p.  280. 
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An  incomplete  log  of  one  day's  run  is  given.  The  poorer  input 
averaged  about  60  kw.,  being  22  kw.  (120  volts,  190  amperes)  at 
the  start  and  rising  to  86  kw.  (120  volts,  720  amperes)  as  the  resistor 
became  heated.  The  voltage  was  then  reduced  from  time  to  time  as 
the  furnace  became  hotter  and  the  resistance  of  the  resistor  fell. 

After  two  and  one-half  hours,  in  which  nearly  150  kw.  h.  had  been 
used,  25  pounds  of  copper  was  charged  and  was  melted  in  25  minutes, 
using  about  28  kw.  h.  The  power  was  kept  on  between  heats.  After 
25  minutes,  in  which  about  25  kw.  h.  was  used,  another  25  pounds  of 
copper  was  cnarged  and  poured  at  1,300°  C.  in  32  minutes,  having 
used  about  30  kw.  h.  The  furnace  was  then  heated  empty  for  1  hour 
and  15  minutes  and  a  heat  of  nickel  (weight  not  given)  charged; 
this  charge  was  poured  1  hour  and  45  minutes  later.  Apparently 
but  one  of  the  melting  holes  is  represented  in  the  log.  The  furnace 
could  not  show  its  true  efficiency  under  such  a  test,  only  25  pounds 
of  copper  being  charged  in  a  furnace  made  to  take  two  No.  50  cru- 
cibles. Seven  and  one-half  hours  and  over  400  kw.  h.  were  required 
to  melt  50  pounds  of  copper  and  an  imspecified  weight  of  nickel. 

The  resistor  developed  hot  spots,  and  the  resistance  of  the  coke 
resistor  changed  from  day  to  day.  Vickers  says:  "The  furnace  is 
not  particularly  efficient  from  a  thermal  standpoint  and  it  is  doubt- 
ful whether  a  granular-resistance  furnace  can  be  improved  to  any 
great  extent.    Some  other  form  should  be  devised." 

GBEAVES-ETCHELLS  CBIfCIBIiE  FTOKACB. 

Greaves  and  Etchells**  suggest  a  crucible  lift-out  furnace  for 
three-phase  current.  In  this  furnace  a  granular  resistor  surrounds  a 
refractory  cylinder,  within  which  a  single  crucible  is  set.  Six  elec- 
trodes, suitably  connected  to  the  different  phases  and  separated  by 
blocks  of  nonconducting  material,  so  that  a  uniform  flow  of  current 
in  the  resistor  is  produced,  project  downward  into  the  annular  ring 
of  granular  resistor.  It  is  not  known  whether  or  not  this  furnace 
has  been  constructed. 

baHiY  CBtrciBLS  lutt-out  FirBirACE. 

A  small  Baily  furnace,  made  by  the  Electric  Furnace  Co.,  has  been 
in  commercial  use  in  the  melting  of  silver  at  the  plant  of  W.  A, 
Eogers,  Ltd.^  Niagara  Falls,  since  1914.  This  furnace  is  a  rectangu- 
lar fire-brick  box  with  two  resistor  troughs,  connected  in  series, 
along  the  sides.  (See  PI.  I,  B.)  Two  small  crucibles  are  set  on 
small  fire-brick  pedestals  between  the  resistors.  The  furnace  is 
rated  at  40  kw.  and  is  said  to  produce  1,000  ounces  of  silver  per  hour 
after  the  furnace  is  fully  heated  up,  or  eight  heats  (16  pots)  in  a 

•*Greayes,  H.  A.,  and  Etchells,  H..  British  Patent  115,866  of  1017. 
68723"— 22 4 
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lO-hour  day.   According  to  Miller,*'^  the  power  consumption  is  about 
960  kw.  h.'  per  ton,  and  there  are  practically  no  metal  losses, 

FSATimBS  OF  rTTBVAOS. 

» 

In  February  and  March,  1916,  at  the  plant  of  the  Detroit  Copper 
and  Brass  Rolling  Mills,  Detroit,  a  Baily  furnace  was  tested,  which 
was  the  largest  electric  brass  furnace  built  up  to  that  time.  (See 
PI.  I,  A.)    One  of  the  writers  was  present  during  this  test. 

The  primary  current,  which  was  single-phase  alternating-current, 
440- volt,  60-cycle,  was  led  to  a  transformer  having  a  series  of  oil 
switches  for  changing  the  transformer  ratios.  The  transformer  volt- 
ages were  242,  231,  220, 209, 198, 154, 143, 132, 121. 

The  furnace,  which  was  rated  at  200  kw.,  was  set  in  an  excavation, 
with  its  top  a  little  above  the  floor  level.  A  rectangular  steel  shell 
measuring  approximately  10  by  8J  by  6  feet  and  having  suitable 
stiffening  ribs  inclosed  the  whole  furnace. 

The  furnace  floor  was  laid  on  two  courses  of  hollow  building  tile, 
the  spaces  in  which  were  filled  with  infusorial  earth.  On  this  were 
two  2i-inch  courses  of  fire  brick.  The  side  walls  were  of  9-inch 
fire  brick,  backed  by  6  inches  of  loose  infusorial  earth,  and  the  end 
walls  of  4J-inch  fire  brick,  backed  by  6  inches  of  loose  infusorial 
earth.  The  straight  side  walls  extended  about  If  feet  above  the  floor 
proper,  and  the  roof  was  an  arch  9  inches  thick.  In  the  bottom  of  the 
furnace  were  laid  eight  large  fire-brick  slabs  about  4  inches  thick, 
on  which  the  crucibles  were  set. 

The  resistor  troughs  were  rammed  in  place  in  wooden  forms  of 
carborundum  fire  sand  and  water  glass,  and  the  wooden  forms  were 
later  burned  out.  The  troughs  were  9  by  6  by  94  inches,  inside  di- 
mensions, and  their  walls  were  about  2  inches  thick.  They  were  sup- 
ported at  about  1-foot  intervals  by  silica  brick,  by  which  the  bottom 
of  the  trough  was  raised  5  or  6  inches  from  the  floor  in  order  to  allow 
free  radiation  from  the  bottom  of  the  resistor.  A  row  of  fire  brick 
was  laid  at  an  angle  across  the  joint  between  floor  and  side  wall, 
near  the  lower  edge  of  the  resistor  trough,  to  reflect  the  heat  back- 
ward into  the  chamber.  The  arched  roof,  9  inches  thick,  had  its 
bottom  3^  feet  above  the  floor  proper  at  the  center  of  the  span.  Four 
oval  holes  in  the  roof  about  15  inches  wide  by  2J  feet  long  gave 
access  to  the  crucibles.  Aside  from  the  resistor  troughs  and  the 
silica  brick  supports  for  them  the  whole  furnace  lining  was  ordinary 
fire  brick  set  in  red  clay. 

The  resistor  walls  were  about  8  inches  from  the  fire-brick  side 
walls.    The  crucibles  were  placed  about  4  inches  from  the  resistor, 


"•Milter,  D.  !>.,  The  electric  fnmmce  lor  heatlnc  noafenoat  metalfl:  Jour.  Am,  Inst 
Metals,  Tol.  11»  1017,  p.  283. 
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about  12  inches  from  the  end  walls,  and  were  6  to  9  inches  apart 
the  short  way  of  the  furnace  and  9  to  12  inches  apart  the  long  way. 

The  tops  of  the  crucibles  were  about  1^  feet  from  the  bottom  of  the 
roof  arch  at  the  center  of  the  span.  The  bottoms  of  the  crucibles 
were  about  4  feet  below  the  upper  steel  shell  of  the  furnace.  The  fur- 
nace bottom  was  built  slightly  sloping  toward  one  end,  and  a  tap 
hole,  plugged  by  a  brick,  was  provided  with  the  idea  of  draining  off 
spilled  metal. 

This  furnace  had  a  volume  of  440  cubic  feet  in  the  walls,  roof,  and 
bottom,  with  a  surface  area  of  390  square  feet.  The  crucibles  and 
contents  occupied  10  cubic  feet,  and  there  was  60  cubic  feet  of  vacant 
space  in  the  furnace. 

ZLECT&ODES. 

The  electrodes  were  4  by  8  inch  (made  up  of  two  4  by  4  inch) 
carbon,  extended  at  each  end  into  the  resistor  troughs,  and  extended 
outside  the  furnace  into  asbestos  millboard  boxes  in  which  was 
carborundum  fire  sand.  Flexible  copper  strips  were  bolted  to  the 
electrodes  and  cable  or  busbars  to  the  strips.  There  was  no  water 
cooling. 

XZ8I8T0R8. 

The  resistors  wett  each  99  inches  long  by  6  inches  deep  by  9  inches 
wide  (dimensions  inside  trough) ,  giving  in  series  188  inches  of  length 
and  54  square  inches  cross  section.  The  highest  voltage  used  was 
242  at  205  kw. — a  maximum  of  about  1^  volts  per  inch  length  and 
15f  amperes  per  square  inch  of  cross  section.  The  resistor  material 
was  granular  (chip)  Acheson  graphite  of  3  to  6  mesh.  It  was  heaped 
over  the  electrodes.  The  resistor  was  replenished  when  necessary 
through  a  long  iron  spout. 

Boon  AHD  00VZ&8. 

The  four  oval  openings  in  the  roof  were  covered  by  four  rectangu- 
lar covers,  about  17  inches  wide  by  30  inches  long  by  8  inches  high, 
consisting  of  fire  brick,  topped  by  kieselguhr,  all  held  in  a  five-sided 
steel  box,  with  the  open  side  down.  These  heavy  covers  were 
mounted  on  6-inch  car  wheels  running  on  five  heavy  I-beams  placed 
across  the  furnace  as  tracks.  The  steel  box  projected  downward 
about  an  inch  below  the  bricks  of  the  cover  and  fitted  into  a  rectangu- 
lar groove  surrounding  the  oval  opening,  into  which  sand  was  placed 
to  form  a  sand  seal.  By  means  of  long  handles  and  a  system  of  tog- 
gle joints  the  cover  could  be  lifted  far  enough  to  clear  the  roof,  and 
an  automatic  catch,  actuated  by  a  spring,  held  the  cover  up  so  that  it 
was  free  to  roll  on  the  wheels.  When  the  cover  was  to  be  replaced, 
it  was  rolled  into  the  proper  position  over  the. sand  seal,  and  by 


40  ELECTEIC  BRASS  FURNACE  PRACTICE. 

pulling  a  chain  on  the  handle  the  catch  was  thrown  out  and  the 
cover  would  drop  into  place.  The  handle  could  be  thrown  back  out 
of  the  way  in  order  to  get  int6  the  furnace  on  the  handle  side  of 
the  cover.  Each  cover  thus  served  one  opening,  or  two  crucibles, 
as  it  could  be  rolled  either  way. 

OXITOZBSBS. 

The  crucibles  were  No.  70's,  of  the  same  form  and  size  as  those 
used  in  coke  furnaces  of  the  plant.  Like  crucibles  for  crucible  steel, 
they  were  more  nearly  cylindrical  in  form  than  are  ordinary  foundry 
crucibles.  At  first  only  the  tongs  used  on  coke  furnaces  were  pro- 
vided ;  the  depth  of  the  electric  furnace,  however,  was  so  great  that 
the  workmen's  hands  were  but  a  few  inches  above  the  furnace  roof 
when  using  them,  and  longer  tongs  had  to  be  used.  As  the  roof 
openings  were  only  about  15  inches  the  short  way  and  the  crucible 
plus  the  tongs  had  an  equal  width,  the  tongs  to  clear  the  openings 
had  to  be  run  across  the  furnace. 

This  furnace  was  designed  to  melt  1  ton  of  yellow  brass  with  500 
kw.  h.  or  less  after  temperature  equilibrium  was  reached;  that  is, 
under  continuous  24-hour  operation. 

FBExmnrAKT  dkti96  Am  KiAtzva  or  wtnatAtm. 

The  power  was  first  thrown  on  the  new  furnace  at  4.30  p.  m., 
February  19, 1915,  the  resistors  being  in  multiple.  The  wooden  form 
for  the  resistor  troughs  was  slowly  burned  out  and  the  empty  furnace 
heated  off  and  on  at  rather  low  power.  At  3.08  p.  m.,  February  24, 
the  chamber  was  at  1,975°  F.  (1,080°  C),  4,110  kw.  h.  having  been 
used  in  drying  and  heating  the  furnace. 

Various  attempts  to  melt  were  made  in  which  numerous  difficulties 
cropped  up,  the  most  serious  of  which  was  due  to  the  presence  of 
so  many  crucibles  in  one  large  inclosure.  When  a  cover  was  opened 
to  lift  a  pot  the  outrush  of  hot  gas  was  so  great  as  to  make  working 
over  the  furnace  very  hot  and  arduous. 

Moreover,  the  furnace  was  ftill  of  zinc  fume,  which  made  it  hard 
to  see  the  location  of  the  pot,  so  that  it  was  difficult  to  place  the 
toners  so  as  to  avoid  spilling  the  metal.  Spilled  metal,  especially 
if  it  happened  to  drop  into  the  resistor,  caused  even  worse  fume, 
and  it  was  decided  to  add  a  flue  to  the  furnace  to  take  off  the  fumes. 

After  the  flue  was  finished  a  test  was  made,  first  preheating  the 
furnace  chamber  to  1,300°  C. 

The  alloy  to  be  melted  was  58  per  cent  copper  and  42  per  cent  adnc, 
this  alloy  having  about  the  lowest  melting  temperature  and  the  lowest 
pouring  temperature,  estimated  at  1,025  to  1,050°  C.  (1,875  to 
1,925°  F.),  of  any  used  in  the  shop.     The  charges  weighed  209.5 
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pounds  each  and  consisted  of  75  pounds  scrap  brass  (usually  heavy 
pieces),  75.5  pounds  copper,  and  59  pounds  zinc. 

The  test  was  started  at  8  a.  m.  March  2.  when  the  first  pot  was 
charged.  The  eighth  pot  was  charged  at  8.37  a.  m..  The  242-volt 
tap  was  used  till  8.15  a.  m.,  when  185  kw.  were  being  drawn.  The 
231-volt  tap  was  then  used  till  8.45  a.  m.,  when  192  kw.  were  being 
drawn.  The  220- volt  tap  then  was  used  till  9.08  a.  m.,  when  168  kw. 
were  being  drawn,  power  dropping  on  this  tap.  The  231-volt  tap  then 
was  used  till  9.49  a.  m.,  when  205  kw.  were  being  drawn  and  a  fuse 
blew.  At  9.55  a*  m.  the  fuse  was  replaced  and  power  again  put  on, 
using  the  220-volt  tap,  which  gave  187  kw.  At  10.07  a.  m.  the 
198-volt  tap  was  used  and  145  kw.  drawn.  The  power  dropped  on 
this  tap  to  143  kw.  at  10.15  a.  m.  From  10.17  to  11.07  a,  m.  the 
power  was  thrown  off  during  a  wait  for  a  new  sledge  for  bending 
tongs  into  place;  then  the  231-volt  tap  was  put  on  and  110  kw. 
drawn,  which  rose  to  122  at  11.15  a.  m.  At  11.22  a.  m.  the  power 
was  thrown  off,  as  it  was  decided  not  to  charge  any  more  metal  till 
good  double-prong  tongs  were  available. 

The  resistor  had  burned  away  somewhat,  which  may  partly  ac- 
count for  the  trouble  in  maintaining  the  desired  power.  On  too  high 
a  tap  the  power  would  shoot  up  too  much,  and  on  too  low  a  tap  it 
would  drop  too  much.  The  attempt  in  this  test  was  to  use  as  much 
power  as  the  furnace  would  stand. 

The  temperature  of  the  chamber  dropped  from  1,300°  to  1,200°  C. 
at  9.15  a.  m.,  as  the  cold  charges  were  put  in,  rose  to  1,340°  C.  at  10.15 
a.  m.,  fell  when  the  power  was  off  to  1,320°  C,  then  held  about  con- 
stant till  11.30  a.  m.,  the  power  being  off  at  11.22  a.  m.  At  11.45 
a.  m.  it  had  dropped  to  1,305°  C.  The  pots  in  the  furnace  after  11.22 
a.  m.  were  taken  out  on  stored  heat,  the  last  coming  out  at  12.50  p.  m., 
when  the  temperature  was  1,920°  F.  (1,050°  C),  the  covers  having 
been  open  to  let  fume  escape.  The  covers  were  then  opened  a  great 
deal  to  allow  replacing  the  displaced  bottom  bricks  and  to  replenish 
the  resistor,  and  at  3.45  p.  m.  the  temperature  of  the  chamber  was 
815°  C. 

TROVBLES. 

At  8.50  a.  m.  the  caster  burned  his  clothing  from  a  flare  of  gas  and 
fume  over  his  feet  and  objected  to  the  excessive  heat.  He  declared 
the  conditions  were  far  worse  for  the  melter  than  in  handling  cru- 
cible steel  and  could  not  be  endured  in  summer. 

The  roof  in  the  center  of  the  furnace  showed  signs  of  settling,  was 
red-hot  to  the  steel  shell,  and  the  middle  rail  had  warped  so  that  one 
or  two  covers  had  to  be  moved  by  a  bar,  as  they  could  no  longer  be 
rolled.  Because  the  covers  were  warped  the  sand  seal  was  no  longer 
effective,  and  zinc  fumes  came  out  of  the  furnace  even  when  all 
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covers  were  closed.  The  fumes  were  very  bad  after  the  first  pots 
were  speltered,  and  the  new  flue  seemed  to  have  no  effect,  possibly 
because  the  old  annealing  furnace,  into  which  it  opened,  was  not 
tight  enough.  • 

Much  trouble  developed  with  the  tongs,  partly  because  the  single- 
prong  tongs  did  not  get  a  firm  grip,  but  chiefly  because  the  fumes 
made  the  pots  invisible  and  the  heat  was  hard  even  for  gloved  hands 
at  several  feet  above  the  openings.    No  asbestos  gloves  were  provided. 

A  still  worse  trouble  was  caused  by  the  incipient  slagging  of  the 
fire-brick  blocks  on  which  the  crucible  rested,  so  that  the  crucibles 
adhered  to  the  blocks.  Even  if  the  tongs  were  placed  properly,  the 
crucible  could  not  be  pried  loose.  Sometimes  the  bottom  blocks  came 
up  and  had  to  be  barred  loose  from  the  hanging  crucible,  a  dangerous 
proceeding  with  tongs  softened  by  heat ;  sometimes  one  man  placed 
the  tongs,  fastened  them  tightly,  and  forced  them  from  side  to  side, 
while  another  took  hold  of  the  crucible  top  with  a  long  pair  of 
speltering  tongs  and  did  the  same.  After  many  attempts — in  the 
case  of  two  crucibles,  seven  each — the  pots  were  lifted,  but  the  bot- 
tom blocks  were  so  much  disarranged  that  the  crucibles  could  not  be 
replaced.  Three  crucibles  were  ruined  by  breaking  pieces  out  of  the 
top  and  by  scoring  with  crucible  tongs.  In  efforts  to  dislodge  the 
crucibles  much  metal  was  spilled,  and  much  ran  out  when  the  tongs 
broke  pieces  out  of  the  top  of  the  crucibles.  All  this  spilled  metal 
caused  heavy  fume,  and  as  the  tong  trouble  caused  delay  several 
pots  became  overheated,  adding  to  the  fume. 

Carborundum  fire  sand  was  then  placed  under  each  crucible  to  pre- 
vent sticking. 

On  account  of  the  delays  through  crucibles  sticking  to  the  bot- 
tom this  run  did  not  go  one  full  round  of  eight  pots  before  it  was 
necessary  to  throw  off  the  power.  Consequently  the  figures  of  power 
consumption  again  are  only  approximate.  They  approach  500  kw. 
h.  per  ton  under  conditions  of  continuous  operation.  On  account  of 
the  spilling  into  the  furnace,  the  figures  for  weight  of  metal  lost 
would  have  been  of  no  value  and  were  not  taken. 

At  3.45  p.  m.,  after  the  bottom  bricks  were  replaced  and  carbo- 
rundum fire-sand  was  put  under  all  crucibles  to  prevent  sticking, 
when  the  temperature  was  815°  C,  power  was  turned  on  again  to 
heat  the  furnace  for  the  following  day's  run.  At  7.40  a.  m.  the  next 
morning,  March  3,  the  temperature  was  1,330°  C.  About  1,500  kw.  h. 
were  used  in  16  hours  in  heating  the  empty  furnace. 

A  new  pair  of  long  double-prong  tongs  was  made,  so  that  the  cruci- 
ble could  be  grasped  more  securely.  Another  full-capacity  test  was 
then  run. 
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BECOHD   FULL-OAPACITY  TEST. 

The  test  started  at  7.40  a.  m.  On  242  volts  the  power  was  168  kw., 
and  crept  up  to  192  kw.  at  8.02  a.  m.,  when  the  231-Yolt  tap  was  used ; 
the  power  then  started  at  183  kw.  and  reached  195  kw.  at  8.30  a.  m. ; 
the  220-volt  tap  then  gave  174  kw.,  but  the  power  fell  on  this  voltage 
to  156  kw.  at  9.30  a.  m.  As  the  temperature  was  still  as  high  as  the 
refractories  would  stand,  a  lower  tap  (198  volts)  was  thrown  in,  and 
the  power  fell  from  135  kw.  to  101  kw.  at  10.30,  when  the  220-volt 
tap  was  again  used,  the  furnace  taking  132  kw. 

The  temperature  in  the  chamber  fell,  as  cold  metal  was  charged, 
from  1,330**  C.  at  7.40  a.  m.  to  1,230°  C.  at  8.80  a.  m.,  and  then  rose 
to  1,345°  C.  at  9.45,  falling  to  1,205°  C.  at  10.30  and  rising  to  1,275° 
C.  at  10.58  a.  m.  The  temperature  near  the  resistor  was  not  so  much 
affected  by  charging  and  rose  from  1,855°  C.  at  7.40  a.  m.  to  1,445°  C. 
at  10.00  a.  m.,  and  then  fell  to  1,405°  C.  at  10.68  a.  m. 

ADDITIOKAL  TBOTTBLES. 

The  condition  of  the  roof,  covers,  and  warped  rail  in  the  middle 
of  the  furnace  became  worse  during  this  run.  Some  bricks  from  one 
of  the  end  covers  fell  into  one  pot  of  metal.  The  pots  did  not  stick 
to  the  bottom  bricks,  and  the  new  tongs  worked  well  as  long  as  the 
caster  could  see  where  to  place  them.  The  first  five  pots  came  out 
on  the  first  attempt  to  lift  them,  a  record  far  better  than  in  the  pre- 
vious tests. 

The  working  conditions  were  still  bad.  The  third  pot  to  be  re- 
charged and  put  back  in  the  iumace  was  not  set  in  exactly  the  proper 
position,  as  the  fumes  made  it  impossible  to  see  what  was  being  done. 
The  bottom  was  not  replaced  exactly  level  after  being  torn  up  by 
the  sticking  of  the  pots  on  the  previous  day.  The  pot  had  been 
charged  with  all  the  scrap  brass  and  small  pieces  of  copper  it  would 
hold  before  being  replaced  in  the  furnace,  as  this  was  easier  on  the 
men  than  replacing  the  empty  crucible  and  then  charging  it.  On  the 
first  heat  in  any  one  pot,  as  the  empty  crucibles  had  remained  in  the 
furnace,  a  long  funnel  was  used  for  charging. 

This  third  pot  tipped  over  and  some  of  its  contents  were  spiUed, 
but  it  was  righted  without  much  trouble. 

At  10.58  a.  m.  the  fumes  were  very  bad,  the  flue  having  no  ap- 
preciable effect;  it  was  impossible  to  see  into  the  furnace,  so  that 
the  tongs  were  not  properly  placed  on  one  pot.  In  consequence  this 
pot  dropped  from  the  tongs,  spilling  about  half  its  contents.  This 
hot  metal,  almost  at  its  boiling  point,  spilled  into  a  resistor  trough, 
exploded  because  of  the  sudden  volatilization  of  zinc,  and  a  shower 
of  molten  metal  burned  the  clothes  of  the  bystanders.  The  granular 
resistor  was  blown  out  of  the  trough,  and  the  fume  from  the  spilled 
metal  was  so  great  that  the  test  had  to  stop  at  once.  As  before,  the 
metal  in  pots  already  in  was  melted  by  stored  heat. 
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The  difference  in  temperature  between  the  end  of  the  chamber  and 
the  side  by  the  resistor  began  to  equalize  fairly  soon  after  the  power 
was  turned  off,  as  is  shown  below : 

Table  3. — Equalization  of  temperature  between  end  of  chamber  and  eide  of 

resistor. 


Time. 

Temperature 
ofcnamber, 
no  power  on. 

Temperature 

of  wall  near 

resistor. 

Differ, 
•noe. 

10.58  a.m... 
11.80  a.m — 

12.00m 

12.90  p.m.... 

LOOp.m 

o  1.24  p.m... 

^  F  *C 
2,330  1,275* 
2,300  1,260 
2,260  1,240 
2,225  1,220 
2,170  1,190 
2,130    1,165 

«1^.       •^. 
2,560    1,405 
2,500    1,370 
2,420    1,330 
a.  320    1,270 
2,265    1,240 
2,210    1,210 

•C. 
130 
110 
90 
50 
50 
45 

a  Last  pot  out. 

Table  4. — Log  of  final  test  of  Baily  S-pot  furnace,  March  3,  1915;  58  per  cent 

copper,  ^2  per  cent  zinc. 


Con- 
secu- 
tive 
heat 
Ko. 

Pot 
No. 

Time  started 
charging. 

Timeallriiarge 
in  but  einc. 

Timedno 
added. 

Time  pulled. 

27 
28 
29 
30 
31 
32 
33 
34 
35 
80 
37 
S8 
39 

1 
2 
3 

4 
5 

e 

7 
8 
1 
2 
3 
4 
8 

7.40  a.m 

7.44  a.m 

7.48  a.m 

7.52a. m 

8.10a.m 

8.05  a.m 

8.02  a.m 

7.58  a.m 

9.30  a.m 

9.47  a.m 

10.05  a.m 

10.25  a.  m 

10.47  a.  m 

8.39  a.  m 

8.40  a.m 

8.45  a.m 

8.46  a.m 

8.37  a.m 

8.49  a.m 

8.48  a.m 

8.47  a.m..*.... 

10.11  a.m 

10.13  a.m 

10.35  a.m 

10.45a. m 

o  11.40  a.m 

9.09  a.m 

9.12  a.m.... 

9.15  a.m 

9.17  a.m.... 
a  11.42  a.m.. 
a  11.35  a.m.. 

10.20  a.m 

10.20  a.m.... 
a  12.29  p.m. 
o  12.31  p.  m. 
o  12.54  p.m.. 
a  12.57  p.m. 
o  1.20  p.m.. 

9.21  a.m 

9.35a. m 

9.56  a.m 

10.08a.m 

al2.02p.m 

a  11.51  a.m 

a  1132  a.m 

10.32  a.  m 

a  12.35  p.  m 

a  12.45  p.  m 

a  1.03  p. m 

•  l.Up.m 

o  1.24  p.  m 

Pot  not  charged. 
Do. 
Do. 

a  No  power  on;  meltisg  done  by  stored  heat. 

Between  7.40  a.  m.  and  10.54  a.  m.,  or  in  about  three  and  one- fourth 
hours,  nearly  625  kw.  h.  had  been  used,  or  the  average  power  input 
was  a  little  over  160  kw.  The  final  temperature  at  10.54  a.  m.  was  55** 
C.  lower  in  the  chamber  and  50°  C.  higher  near  the  resistor  at  the 
end  than  at  the  start ;  that  is,  the  furnace  temperature  may  be  taken 
as  the  same  at  the  start  and  finish.  The  work  completed  in  this  period 
was  as  follows : 

Work  done  in  heat, 

Fnll  beats. 

5  pots  out,  equivalent  to 5.0 

4  pots  all  in  but  sp^ter,  but  not  ready  to  spelter,  approximately 
half  done 2.6 

1  pot  ready  to  come  out 1. 0 

2  pots  ready  to  spelter,  approximately  80  per  cent  done 1. 6 

1  pot  Just  in,  approximately  10  per  cent  done ,1 

Total  luU  heats 9. 7 
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If  these  9.7  full  heats  be  taken  as  equivalent  to  10  full  heats  (2,095 
pounds)  for  truly  continuous  running,  the  power  consumption  was 
500  kw.  h.  per  ton. 

During  the  whole  test,  from  the  first  warming  up  of  the  furnace 
to  the  time  the  power  was  shut  off,  over  12,500  kw.  h.  were  used,  and 
about  4  tons  of  metal  melted. 

The  crucibles  seemed  to  be  in  fairly  good  condition  at  the  end  of 
the  test,  considering  that  they  had  been  left  empty  continuously  in 
the  furnace  during  all  heating  and  cooling  periods  and  had  been 
severely  damaged  by  the  first  two  sets  of  tongs. 

XSTAL    LOSS. 

Disregarding  the  spilled  pot,  the  12  charges,  2,514  pounds  (clean 
metal),  melted  in  the  last  test  gave  2,370  pounds  of  metal  in  ingots, 
a  gross  loss  of  144  pounds,  or  5.75  per  cent.  Ninety  pounds  of  metal 
was  recovered  from  spillings  and  skimmings,  making  the  net  loss 
54  pounds,  or  2.15  per  cent  The  furnace  as  built  was  a  failure  mainly 
for  the  following  reasons: 

1.  Fume  and  heat  made  conditions  extremely  bad  for  the  work- 
men. Nearly  evetyoDe  wcnrking  around  the  furnace  had  ^  brass 
shakes." 

2.  The  rate  of  production  was  low. 

3.  The  power  efficiency  was  not  good. 

4.  The  furnace  took  so  long  to  cool  and  to  heat  in  case  of  needed 
repairs  that  an  accident  interfered  greatly  with  production. 

GIBOD  FTJBNAGE. 

Girod^  suggested  a  crucible  furnace  with  a  number  of  crucibles 
contained  in  an  incloeure,  on  the  sides  and  bottom  of  which  is  a 
granular  resistor.  No  data  on  its  actual  use  or  trial  have  come  to 
light.  As  the  design  involves  driving  the  heat  through  the  walls  of 
the  indosure  as  well  as  through  the  crucibles,  it  seems  to  be  of  low 
efficiency  and  to  involve  many  difficulties  in  the  maintenance. 

SNYDEB  GBrUCIBLE  LIFT-OITT  FUBNAGE. 

The  Commonwealth  Edison  Co.,  of  Chicago,  desiring  to  aid  the 
development  of  electric  furnaces,  in  order  to  lay  the  foundation  for 
the  sale  of  power  for  them,  had  a  furnace  designed  by  F.  T.  Snyder 
and  tested  at  the 'plant  of  the  L.  Wolff  Manufacturing  Co.,  Chicago, 
in  1913  and  1914.    The  later  tests  were  made  by  H.  M.  St.  John. 

This  was  a  pit  furnace,  taking  one  No.  80  crucible.  The  resistor 
was  a  cylinder  made  of  ordinary  crucible  material  (graphite  bonded 
with  fire  clay).    Slots  were  cut  in  this  cylinder  and  filled  up  with 

^Glrod,  p.,  U.  S.  Patent  886,745,  Apr.  28.  1008;  application  Dec.  20,  1905. 
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alundum  cement,  the  object  being  to  insure  stability,  and  thus  to 
increase  the  resistance  of  the  resistor.  The  crucible  was  set  inside 
the  resistor,  which,  in  turn,  was  surrounded  by  fire  brick  and  heat- 
insulating  brick  walls.  Electrical  control  was  obtained  by  varying 
the  voltage. 

Some  yellow  brass  was  melted  in  this  furnace,  but  despite  many 
attempts  to  improve  it  the  life  of  the  resistors  was  short — not  over 
40  hours  running  time,  even  though  for  half  of  that  time  the  re- 
sistor temperature  was  below  1,000®  C.  The  resistor  could  not  be 
run  at  a  temperature,  of  the  resistor  itself,  above  1,300®  C ;  no  effi- 
cient brass  melting  could  be  done  in  a  furnace  whose  resistor  tem- 
perature is  not  over  1,300®  C.  for  reasons  clearly  pointed  out  by 
Northrup.*^  The  short  life  of  the  resistor  was  due  both  to  oxidation 
of  the  resistor,  which  was  retarded  somewhat  by  arranging  a  slow 
drip  of  oil  into  the  furnace,  and  to  the  development  of  hot  spots  in 
the  resistor  and  consequent  melting  of  the  fire-clay  bond. 

Whenever  attempts  were  made  to  melt  brass  at  a  commercial  rate 
of  speed,  the  resistor  broke  down  before  reliable  results  could  be  ob- 
tained. The  incomplete  data  indicated  that  even  if  the  resistor 
troubles  could  be  overcome,  a  furnace  of  such  a  type  and  size  could 
hardly  be  expected  to  reach  as  low  a  figure  as  500  kw.  h.  per  ton  of 
yellow  brass,  even  under  the  most  favorable  conditions. 

GBEENWOOD  AND  HTJTTON  GBUCIBLE  UPT-OITT  FUBKACS. 

Greenwood  and  Hutton*®  describe  a  furnace  in  which  a  crucible 
is  set  inside  a  cylindrical  grid  made  up  of  carbon  rods  standing  ver- 
tically, their  ends  so  joined  by  carbon  blocks  that  the  rods  are  con- 
nected in  series.  (See  figs.  2  and  3.)  The  rods  are  covered  with  a 
carborundum  fire*sand — ^water  glass  coating  to  prevent  oxidation. 
The  furnace  handled  a  90-pound  charge  and  took  about  20  kilowatts 
at  about  65  volts,  300  amperes.  Data  are  given  only  on  two  heats 
of  90  pounds  of  "nickel-silver"  (nickel  brass  or  German  silver) 
scrap.  In  these,  starting  from  a  cold  furnace,  the  first  heat  came  out 
in  3  hours,  using  54  kw.  h.,  the  second  in  1  hour  and  35  minutes,  using 
29  kw.  h.  The  authors  calculate  that  on  10-hour  operation  the  furnace 
would  melt  nickel  brass  with  about  750  kw.  h.  per  ton,  and  on  24- 
hour  operation  at  about  600  kw.  h.  per  ton.  These  figures  would  be 
somewhat  reduced  for  alloys  of  lower  melting  points  than  nickel 
silver. 

No  data  are  given  to  indicate  the  probable  life  of  the  resistor,  but 
the  resistor  is  inherently  fragile,  subject  to  weakening  by  oxida- 

''Northrup.  E.  F.,  Production  of  high  temperature  and  its  measurement:  Het.  and 
Chem.  Eng.,  vol.   17,  1917,  p.  685. 

•"Greenwood,  H.  C,  And  Hutton,  R.  8.,  Note  on  an  electrlc-realstance  fartiace  for 
melting  in  crucibles:  Jour.  Inst.  Metals  < British),  toL  11,  1911,  p.  289. 


LIFT-OUT  CRUCIBLE  FUHNACES.  47 

tion,  and  because  of  the  careful  fitting  of  joints  required  in  construc- 
tion expensive  in  comparison  with  its  probable  life, 

HOSEDra  CBUCIBLE  UFT-01TT  FUBNACEL 

A  more  fully  developed  crucible  furnace  is  the  Hoskins  carbon- 
plate  re^tf^  furnace,  which  has  been  commercially  used  in  small 


11  of  OreeDwood  and  Button  resletor. 


sizes  by  t}ie  Hoskins  Manufacturing  Co.,  of  Detroit,  in  the  produc- 
tion of  nickel-chroniium  alloys.  As  the  need  for  larger  melting 
units  haa  increased,  the  crucible  furnace  has  been  gradually  sup- 
planted for  this  purpose  by  the  ordinary  or  horizontal  ring  type  of 
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inducti(Hi  furnace,  and  the  indications  are  that  the  latter  type  in 
turn  will  be  displaced  by  direct-arc  furnaces  for  melting  these  alloys. 

The  crucible  furnace  has  a.  resistor  composed  of  thin  carbon  plates, 
usually  i  inch  thick,  IJ  to  SJ  inches  wide,  and  8  to  15  inches  high, 
in  various  sizes  of  furnaces.  The  plates  are  set  upright  and  against 
each  other,  like  the  leaves  of  a  book.  Part  of  the  resistance  of  this 
resistor  is  in  the  plates  themselves,  but  most  of  it  is  in  the  contacts 
between  the  plates.  By  means  of  a  screw  bearing  against  a  carbon 
or  graphite  block  at  one  or  both  ends  of  a  "  book  "  the  pressure  be- 
tween the  blades  can  be  varied  at  will,  and  thus  the  resistance  of  the 
resistor  can  be  varied  within  wide  limits. 

Since  the  resistance  of  a  carbon  resistor  falls  markedly  with  in- 
crease of  temperature,  all  carbon-resistor  furnaces  must  have  some 


VwiBM  3. — Oiecnwood  u>d  Huttou  toniBca 

method  of  compensating  for  this  change  of  resistance,  and  thus 
keeping  the  power  input  under  control.  In  small  experimental 
laboratory  furnaces  a  constant  voltage  is  sometimes  used  and  part 
of  the  power  is  absorbed  and  wasted  in  a  rheostat.  For  commercial 
use,  however,  some  other  means  of  varying  the  voltage  most  be  used. 
An  induction  regulator  on  the  primary  side  of  the  transformer  gives 
some  regulation,  but  even  if  that  is  used  a  variable-voltage  trans- 
former with  several  different  voltage  taps  controlled  by  switches  is 
usually  required.  If  the  induction  regulator  is  not  used,  a  larger 
number  of  different  voltage  taps  is  required  to  ^ve  real  control  over 
the  furnace. 

With  the  Hoskins  furnace  a  considerable  control  of  power  input 
can  be  effected  by  altering  the  contact  resistance  between  the  plates, 
BO  that  a  transformer  with  fewer  voltage  steps  and  with  longer  ate|» 
can  be  used. 
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In  the  early  days  of  the  -work  of  the  Bureau  of  Mines,  before  ex- 
perience had  shown  that  electric  crucible  lift-out  furnaces  for  brass 
were  not  likely  to  be  of  commercial  use,  the  Hoskins  type  was  tried 
out  in  several  different  forms  and  sizes,  the  first  object  being  to  de- 
termine ^e  metal  losses  of  different  alloys  in  a  crucible  Hft-out  fur- 
nace. The  patent'*  on  this  type  of  furnace  is  controlled  by  the 
Hoskins  Manufacturing  Co.,  but  through  the  courtesy  of  Mr.  A.  L. 
Marsh  of  that  firm  the  bureau  was  permitted  to  utilize  the  principle 
of  the  furnace  in  the  construction  of  experimental  furnaces  for  lab- 
oratory tests.  In  a  later  patent  Thomson  ">  also  shows  a  crucible  lift- 
out  furnace  surrounded  by 

an  adjustable  carbon  resis-    '  ^y^/Z^/^/^/^^//-H 
tor,    whose    reastance    lies 
mainly  in  the  contacts  be- 
tween the  carbon  pieces. 


A  good  many  tests  of  the 
Hoskins  furnaces  were  made 
wbich  gave  insb-uctiTe  data 
on  metal  losses  and  on  fur- 
nace design.  The  original 
data  of  these  tests,  as  well 
as  much  other  early  data, 
were  lost  in  the  fire  that  de- 
stroyed part  of  Morse  Hall, 
Cornell  University,  in  Feb* 
raary,  1816.     The  entire 

contents  of  the  Ithaca  field     ^"''«"  *~'*^'"'°,"J„^,'f""  '=""*'"^  "'*^^ 
office  were  lost  in  the  fire, 

so  that  the  data  below  are  taken  from  summarized  rqwrts  that  had 
been  made  to  the  Washington  office. 

Most  of  the  small  Hoskins  furnaces  made  by  the  Hoskins  Manu- 
facturing  Co.  have  two  rows  of  carbon  plates  on  two  sides  of  the 
furnace,  connected  by  a  heavy  carbon  or  graphite  plate  at  the  back, 
heat  thus  being  generated  on  two  sides  only.  (See  fig.  4.)  Most  of 
the  fnmaces  built  by  the  bunau  had  resistor  plates  completely  sur- 
rounding the  crucible.  In  five  of  the  modifications  tested,  the  fur- 
nace took  bat  one  cmcibte,  and  in  one  modification  three  No.  20 
crucibles  were  used.  Carborundum  bricks  usually  suppcwted  the 
blades;  with  magnesite  brick  next  the  carbon  plates,  though,  of 
course,  not  in  contact  with  them.    Back  of  the  magnesite  were  fire 


e  Bg.  7). 
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brick,  and  on  the  outside  either  loose  infusorial  earth  in  a  sheet- 
iron  shell  or  infusorial-earth  brick.  Fire-brick  covers  fitting  into 
a  sand  seal  and  provided  with  charging  holes  closed  by  smaller  fire- 
brick covers  were  used.  Table  5  shows  some  of  the  general  dimen- 
sions of  the  furnaces. 

Tabus  5. — Dimensions  of  Boskins  small-sized  crucible  lift-wit  furnaces. 


Na 


1 
2 

3 
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5 
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plates). 
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11  by  11  by  m  high... 
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bottom  of 
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a  Special  short  cylinder. 

^  Special  taU  cyhnder. 

c  Triple  furnace. 

d  Middle  compartment;  end  compartments  straight  next  to  middle,  oval  toward  ends. 

<  Each  crucible. 

No  attempt  was  made  to  run  any  of  these  furrows  continuously, 
the  aim  being  mainly  to  secure  data  on  melting  losses  and  a  general 
idea  of  the  efficiency  of  a  given  size  and  type  in  the  use  of  power. 
The  furnaces  therefore  were  built  as  cheaply  as  possible  and  not  as 
solidly  as  would  be  necessary  were  they  intended  for  commercial  use. 

As  the  tests  regarding  loss  of  metal  on  the  various  sizes  of  fur- 
naces gave  similar  results,  these  will  be  considered  together  after 
the  performance  of  the  furnaces  in  other  respects  has  been  discussed. 
The  order  in  the  table  is  not  always  that  in  which  the  furnaces  were 
tested. 

The  results  on  furnaces  1,  2,  and  3  may  be  considered  together. 
Furnaces  1  and  2  were  almost  identical,  having  a  square  melting 
chamber,  with  resistor  plates  on  all  four  sides,  square  2  by  2  inch 
graphite  end  blocks  as  tall  as  the  plates  at  three  comers,  each  with 
two  adjusting  screws  bearing  on  two  carborundum  bricks  set  back 
of  the  blocks  for  varying  the  pressure  on  the  blocks.  Graphite 
electrodes  brought  to  the  ends  of  the  rows  of  resistor  plates  were  in- 
stalled at  the  remaining  comer  and  insulated  from  each  other  by  a 
magnesite  brick. 

Furnace  1  used  the  standard  crucible,  handled  by  the  usual  tongs. 
The  shape  of  such  a  crucible  leaves  some  waste  space  in  the  melting 
chamber,  and  a  cylindrical  crucible  was  tried  in  furnace  2  to  test 
the  advantage  of  utilizing  this  waste  space.  Special  means  had  to 
be  provided  for  lifting  the  cylindrical  crucible,  as  it  had  no  bilge. 


1.  SHANK  FOR  CVLINORICAL  CRUCIBLE. 


B.  LrFTING  DEVICE  FOR  CYLINDRrCAL 


'H^ 


C.  A^OTHER  SHANK  FOR  CVLINDRICAL  CRUCIBLE. 
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This  was  accomplished  by  a  pair  of  loop  tongs.  The  crucible  was 
set  on  a  brick  in  the  furnace,  and  when  it  was  ready  for  pouring  one 
loop  was  lowered  into  the  furnace  and  slipped  under  one  side  of  the 
crucible.  The  other  loop  was  then  similarly  inserted  and  a  pin^ 
extending  downward  on  a  V-shaped  projection  extending  from  the 
upper  part  of  the  loop,  was  inserted  into  a  hole  on  a  similar  V  -shaped 
projection  on  the  other  loop.  A  VV-shaped  bar  held  the  two  loops 
in  the  two  outer  curves  and  was  hoisted  by  a  hook  in  the  center  loop.. 
The  crucible  was  held  securely  as  it  was  hoisted  from  the  furnace. 
It  was  then  set  down  upon  a  round  fire  block,  the  loop  tongs  removed^ 
and  a  basket  shank  slipped  about  the  crucible  for  pouring.  The 
lifting  and  pouring  devices  are  more  thoroughly  described  by  Lohr^^ 
and  are  shown  in  Plate  II,  A^B^C. 

Furnace  3  was  built  to  get  away  from  the  waste  space  in  the  cor- 
ners of  the  furnaces  with  square  melting  chambers.  In  this  the  resis- 
tor was  made  as  near  to  a  circle  as  possible  by  making  it  in  the  form 
of  a  hexagon,  five  sides  of  which  were  made  up  of  rows  of  carbon, 
plates  pressing  against  two  sides  of  an  equilateral-triangular  prism 
of  graphite.  The  adjusting  screw  bore  against  a  carborundum  brick 
back  of  the  third  side  of  the  triangle.  The  electrodes,  with  magnesite 
brick  insulation  between  them,  were  on  the  sixth  side  of  the  hexagon. 

In  order  to  life  the  crucible,  which  was  too  close  to  the  resistor  to- 
allow  the  use  of  any  sort  of  tongs,  it  was  set  on  a  tall  brick  pedestal 
that  could  be  raised  by  a  handwheel  and  gearing  till  the  bottom  t)f 
the  crucible  was  above  the  resistor  blades,  when  the  crucible  could 
be  grasped  by  tongs  or  could  be  lowered  until  the  bottom  of  the 
crucible  was  on  a  level  with  the  bottom  of  the  resistor. 

Representative  runs  on  five  furnaces,  all  melting  an  alloy  of  about 
78^  per  cent  copper,  16  per  cent  zinc,  2^  per  cent  tin,  and  3  per  cent- 
lead,  charged  in  small  ingots  of  8  to  12  pounds,  are  tabulated  in 
Table  6. 

All  furnaces  were  cold  at  the  start  save  No.  4,  which  was  at  375^ 
at  the  start,  and  No.  6,  which  was  at  350°  C.  The  metal  was  poured 
at  about  1,200®  C,  save  with  furnace  5,  from  which  it  was  poured  at 
about  1,166°  C.  A  number  of  other  runs  were  made  with  the  fur- 
naces, which  agreed  very  well  with  those  given  below  in  Table  6. 

*^  Lohr,  J.  M.,  U.  8.  Patents  1,178,444  and  1,173,445,  Feb.  29,  1916  (dedicated  to  the* 
public). 
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Tamx  ^ — KesmiU  ^  UntJi  r,f  gfjTer^M  fypc«  of  Eotritrnkn  f\ 


in  jTT  a^  m^ 

U.il«a.B 

Ii0p 

1.49  p 

2.»p 

3.5  p 

UBp 


-^ 


Hiuioa.111. 

11.4?  a.ia. 


US' p. 
i  2.21  p. 
3.13  p. 

j4J»p. 


—I 


Ijv.i. 


So 


3k» 
S.5 


ToCiX 


•4» 


<34S^S 


1 , 

* 

4.na.B... 

!USa.m... 

lOiSSa^m.. 
ll-LSa^m.. 

I.I^p.M 

2,13p.m... 
3.1*  ^lo... 
4.06  p.m... 

»3 

^ 

9.45a. n... 

«l^  -       37 

a 

ieJ7a.m. . 

90 

31 

4 

R.39P.B.. 

90 

a 

i 

lJ»p-m... 

# 

2JMp.m-.. 

^m  %, 

7 

-— -.  3.20 p. m. 

90              2S 

Totol. 


'2*1.3 


1« 


9.49 1 


12.27  p. 
1.20  p.] 
2i)gp.i 
2.Vp.] 

3.40  p.  1 


I 

...   10J6a.: 
R..I  U.i9a.i 

B..     1.10  p.  1 

I... I  1.36  p..  x 
t...  2.16p.]i 

I...   4.15 p.  II 


total. 


J 


«277.5 


4.  ff«aiv  awlttBf 


vifaUr  Vault 


SifllBZf). 


8.00  a.  m 

10.05  a.m.. 
10.58  a.  m.. 
liWp.m... 
1.57  p.m... 
2Ji5p.m... 
3.43  p.  m. . . 

9.41  a.  ra... 
10.42  a.m.. 
11.47  a.m.. 
1.41p.m... 
2.43  p.m... 
335  D.m. 

PtmmiM. 
120 

120 

lis 

120 
120 

IX 

61 

45 

4/ 

43 

44 

40 

4.3Sp.m...            120 

36 

Total 

!           845 

9190 

1 

rnrnaea  9.  Vttniaoa  oliambar  at  360*  C.  at  itart;  metal  poured  at  1*166*  0.,  aTeraga. 


1 

7.00  a.m... 
9.17  a.m... 
10.50  a.  m.. 
11.59  a.m.. 
1.42  p.m... 
2.36  p.m... 

8.53  a.  m 

10  JO  a.m.. 
11.43  a,  m.. 
M2.46p.m.. 
2.20  p.m... 
3.28  p.m... 

powiit. 

147.5 

146 

140 

140 

138 

138.5 

JTw.ft. 

132 

2, 

60 

a 

45 

4 

49 

A 

32 

6 

30 

Total 

850 

'438 

a  All  kw.  h.  flBiire<i  taken  on  secondary  side  of  transformer. 

fr  16  por  r«iU  tine  nUoy. 

« AvofAKo,  70  kw.  h.  per  100  pounds. 

tf  A  vpfAKc.  4.1  kw.  h.  per  100  pounds. 

•  A  vi^rnKP,  (13  kw.  h.  per  100  pounds. 

/  Mnial  rhafKnd  at  12.01 ;  no  power  on  furnace  over  noon  hour. 

9  A  vprBijr,  4fl  kw.  h.  por  100  pounds. 

A  Part  of  heat  A  charKod  at  1 .00  and  loft  In  furnace;  no  power  on  over  noon  hour. 

'  Average,  41  kw.  h.  per  100  pounds. 
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In  Furnace  5  a  tall  cylindrical  crucible  holding  about  145  pounds 
of  metal  was  used,  the  crucible  being  16  inches  tall,  the  resistor  blades 
being  15  inches  tall,  with  their  tops  level  with  the  top  of  the  crucible, 
the  crucible  bottom  being  thus  1  inch  below  the  bottom  of  the  resistor. 

The  crucible  was  split  at  the  top  in  pulling  heat  6  from  the  fur- 
nace, so  the  run  could  not  be  finished.  Had  two  more  heats  been 
taken  out,  the  power  consumption  would  have  been  cut  down  to  about 
S7i  kw.  h.  per  100  pounds.  The  space  available  for  pouring  was  so 
small  and  cramped  that  it  was  impossible  to  pour  quickly  and  the 
time  taken  for  pouring  was  excessive. 

Much  trouble  was  experienced  in  running  furnace  5  on  account 
of  top  heating.  The  top  of  the  resistor  blades  were  on  a  level  with 
the  top  of  the  crucible  and  were  1  inch  shorter  than  the  crucible.  The 
crucible  was  filled  quite  full  on  the  first  heats,  and  a  good  deal  of 
heating  was  done  by  heat  reflected  by  the  roof.  Melting  took 
place  first  on  top  of  the  charge — not  from  the  bottom  as  in  the 
other  furnaces  where  the  resistor  plates  were  at  least  2  inches 
from  the  top  of  the  crucible — and  the  bottom  of  the  resistor  was  level 
with  t]ie  bottom  of  the  crucible  (2^  inches  below  it  in  furnace  2). 
The  metal  on  top  was  bubbling  and  spitting  at  the  end  of  the  heats, 
and  although  the  pots  were  stirred  the  last  metal  poured  was  rather 
cold.  The  average  pouring  temperature  was  1,165"^  instead  of  1,200^ 
C,  as  in  the  runs  with  the  other  furnaces. 

In  order  to  avoid  trouble  from  overheating  at  the  surface,  it  was 
necessary  to  reduce  the  power  input  below  the  figure  desired  in  order 
to  let  conduction  of  heat  through  the  metal  keep  pace  with  the  rise 
in  temperature  and  bring  the  m^tal  out  more  evenly  heated  from  top 
to  bottom. 

This  test  showed  the  desirability  of  heating  crucibles  from  the 
bottom  rather  than  from  the  top  and  indicated  that  surface  over- 
heating is  likely  to  occur  in  hearth-type  furnaces  with  deep  baths 
heated  from  above  unless  some  means  of  stirring  the  metal  is  adopted. 

The  boiling  and  spitting  of  the  surface  layer  of  metal  was  probably 
made  more  noticeable  by  the  rather  low  barometric  pressure  (73.6 
cm.)  on  the  day  of  the  test.  For  a  crucible  of  this  tall  and  narrow 
form  to  be  useful  it  should  be  heated  from  the  bottom,  in  order  to 
set  up  thermal  circulation  by  the  rising  of  hotter  metal,  instead  of 
being  heated  from  the  top  and  allowing  the  hotter  metal  to  r^nain 
at  the  top.  On  regular  operation  these  furnaces  would  give  results 
about  as  follows,  if  they  started  on  an  eight-hour  operation  with  the 
furnace  at  a  temperature  of  500**  C.  or  more  from  the  previous  day's 
heating : 

68723'— 22 5 
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Tablb  7. — Summary  of  the  probable  performance  of  different  sizes  of  Hoskins- 

type  furnaces. 


Charge. 

Kw.  h.  per  ton. 

Daily  output. 

FumaoeNo. 

8-hoiir 
operation. 

24-hoar 
operaUon. 

8-hour 
operation. 

24-hour 
operation. 

1 , 

Pounds. 
55 
90 
55 

120 
140 

1,500 

850 

1,250 

850 
700 

1,000 
625 
950 
625 
500 

Pounds, 
450 
650 
450 
850 
1,000 

Pounds. 
1,800 

2 

2,300 

3 

1,900 

4 

3,200 

5 

3,600 

Besides  the  improvement  in  Nos.  4  and  5  over  No.  1,  which 
was  to  be  expected,  as  the  capacity  of  the  furnace  per  charge  was 
more  than  doubled,  No.  3,  in  which  the  waste  space  between  crucible 
and  resistor  was  less  than  in  No.  1,  gives  materially  better  results 
than  No.  1 ;  No.  2,  in  which  the  use  of  the  short  cylindrical  crucible 
increases  ihe  capacity  of  the  furnace  over  No.  1,  is  still  more  of  an 
improvement  over  No.  1  and  does  as  well  in  power  consumption, 
though  not  in  output,  as  No.  4.  No.  5  did  not  show  as  much  improve- 
ment as  was  expected  because  of  the  trouble  from  top  heating. 

Furnace  4,  which  is  shown  in  Plate  III,  Ay  gave  the  results  in  Table 
8  on  yellow  brass  of  63  per  cent  copper,  33^  per  cent  zinc,  3^  per  cent 
lead,  charged  as  10-pound  ingots  and  poured  at  about  1,065°  C. 

Table  8. — Teat  on  Boskins  furnace  i  for  melting  yellow  brass;  No.  iO  crucible 

square  furnace. 


Heat  No. 

Power  on. 

Power  off. 

Pounds 
charged. 

Kw.h. 

1 

/  6.40  a.  m. 

\  7.36  a.  m. 

9.15  a.  xn. 

10.28  a.  m. 

11.30  a.  m. 

12.27  p.  m. 

2.26  p.m. 

3.21  p.  m. 

4.32  p.  m. 

a  7.10  a.  m 

9.00  a.  m. 
10.11  a.  m. 
11.17  a.  m. 
12.10  p.  xn. 
b  1.10  p.m. 

3.06  p.  m. 

4.20  p.m. 

5.29  p.  m. 

}        125 

123 
124 
126 
124 
125 
123 
124 

114 

2...;.:. 

55 

3 

38 

4 * 

29 

5 

31 

6 

29.5 

7 

30 

8 

32 

Total 

994 

€358.5 

1  ' 

a  Power  off  26  minutes,  fuse  blown. 

b  Part  of  charge  for  heat  6  put  in  at  1 .20  p.  m. 

c  Average,  36^  kw.  h.  per  100  pounds. 


On  10-hour  operation  on  yellow  brass  and  on  calculated  24-hour 
operation  furnace  4  should  tixen  give  the  following  results :  Charge, 
125  pounds ;  kw.  h.  per  ton,  10-hour  operation,  700 ;  24-hour  operation, 
500;  output,  10-hour  operation,  1,000  pounds;  24-hour  operation, 
3,600  pounds. 

Furnace  4  (single  No.  40  crucible)  used  181  carbon  plates  2  by  10 
by  J  inch.    The  cold  furnace  started  at  about  200  volts,  150  amperes 
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(30  kilowatte) ;  at  higher  power  inputs  tho  voltage  and  amperage 
were  as  follows  at  various  times: 


Table  9. — Electrical  data  on  Hoghins  furnace  i- 


Ew. 

Volts.     AmpeTO 

K.. 

Volf. 

Amperea. 

n 

to 

101 
100 

7W 

*eoo 

M 

IIS 

•§ 

<  Bnlndng  pom*  at  rad  0(  ran. 

The  curreat  taken  at  any  voltage  can  be  carried  through  a  rather 
wide  range  by  changing  the  pressure  on  the  plates  by  meanB  of  the 
adjusting  screws. 

TBIFLB  FUBNACS. 

In  a  furnace  taking  a  single  crucible  the  heat  from  half  of  the  re- 
sistor only  is  directed  toward  the  crucible.   It  seemed  likely  therefore 
that  a  gain  in  efficiency  could  be  made  if  the  resistors  were  placed  be- 
tween the  crucibles,  so  that  the  heat  from  both  sides  of  the  resistor 
struck  the  crucibles  directly.    Moreover,  if  three  separate  square  fur- 
naces were  made  into  one 
holding  three  crucibles 
the   latter    could    readily 
be  constructed  with  about 
only  two-thirds  as  mucli 
area  in  its  surface  as  tho 
total  areaof  thesurfacesof 
the  tJiree  separate  furnaces. 

Tliis  design  is  more 
fully  described  by  Lohr 
and  Gillett,'*  who  show 
also  how  it  is  adapted  for 
three-phase  current. 

nrxifACB  & 

A  triple  furnace  for  No. 
20  crucibles  (regular 
form)  was  constructed,  in  which  there  were  but  two  rows  of  resistor 
plates,  connected  in  series  by  a  back  plate,  like  the  usual  Hoskins 
design.  Instead  of  the  straight  side  walls  next  the  resistors  of  a  fur- 
nace for  a  single-phase  crucible,  the  furnace  was  extended  lengthwise, 
space  beingmade  outside  each  resistor  for  another  crucible.  Theends 
of  the  furnace  were  in  semicircular  form,  the  end  walls  being  brought 

.  W.,  V.  8.  FateDti  1,162,178  anS  1,162,170  (dedloted  to 
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as  close  to  the  outer  crucibles  as  possible  allowing  room  for  tongs. 
The  general  principle  of  this  furnace  is  shown  in  figure  6. 

In  the  first  construction  the  resistor  plates  were  bare  and  not 
protected  by  troughs.  As  there  were  only  two  rows  of  resistor  plates 
against  the  three  rows  in  furnace  1,  the  resistance  of  the  whole  re- 
sistor was  less,  and  it  was  desirable  to  run  the  furnace  with  as  high 
a  contact  resistance  between  plates  as  possible ;  that  is,  with  the  plates 
as  loose  as  possible.  As  the  space  allowed  for  the  tongs  was  smaU 
in  order  to  avoid  waste,  it  was  difficult  to  avoid  hitting  the  plates 
when  removing  the  crucibles.  This  tended  to  displace  the  plates. 
Hence  the  furnace  was  rebuilt,  with  the  resistors  inside  carborundum 
troughs  made  up  of  slabs  i  inch  thick  of  pure  unbonded  carborundum, 
Refrax  grade.  Carborundum-slab  covers  wete  put  over  the  troughs 
to  protect  the  resistors  from  mechanical  damage  and  from  oxida- 
tion. The  furnace  cover  was  made  in  three  portions,  each  having  a 
charging  hole,  so  that  but  one  section  had  to  be  removed  to  take  out 
any  one  crucible. 

The  data  on  a  run  melting  the  regular  alloy  used  in  comparing 
the  different  furnaces — 78^  per  cent  copper,  16  per  cent  zinc,  2J  per 
cent  tin,  3  per  cent  lead — follow : 

The  furnace  was  at  90^  C.  at  the  start;  at  8.30  on  the  morning  after 
the  run  it  was  at  350°  C.  The  metal  was  poured  at  1,200°  C.  aver- 
age. In  this  table  the  center  compartment  is  called  No.  2,  the  end 
compartments  Nos.  1  and  8.  As  in  the  previous  tests,  the  crucibles 
were  charged  with  all  the  metal  they  would  hold  (in  small  ingots), 
after  pouring  a  heat,  before  returning  them  into  the  furnace,  and 
the  remainder  was  added  as  soon  as  the  metal  in  the  crucible  had 
melted  down  enough  to  make  room  for  it. 

In  Table  10  the  time  given,  after  the  start,  is  the  time  at  which  a 
pot  was  taken  from  the  furnace  to  pour. 

Table  10. — Log  of  run  on  furnace  6  (triple  No.  20), 


Time. 

Pounds  poured  from 
compartTTient  No. 

Ew.  b. 

used  in 

time  In* 

tenrals 

given. 

Total 
kw.  h. 
used  so 

Car  .a 

1 

2 

3 

a.m. 

7.00 

Start. 

Start. 
61 

eii 

Start. 

**'*6ii' 

0 

8.55 

110 
4« 
26 
11 
8 
23 

23 

110 

10.03 

156 

10.45 1 

182 

10.51 ' 

«u 

193 

11.12 

61 

205 

11.44 

«0 

228 

p.  m. 

12.30* 

251 

i.OOc 

1 .28 ' 

«U 

''*'««'* 

7 

if 

9 
24 

258 

145 

286 

2.1S ' 

00 

313 

2^ 

«7i 

324 

3.06 

"ei 

»4S 

a  Average,  41  kw.  h.  per  lOOpoonds. 
»  Power  off  for  nooo. 
e  Power  on. 
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Tabu:  10.— Log  of  run  on  furnace  6  (triple  No.  20) — Continued. 


Time. 

Founds  poured  from 
comparment  Na 

Kw.h. 

used  in 
time  in- 
tervals 
given. 

Total 

kw.h. 

used  so 

far. 

1 

3 

3 

p. «. 

lio 

60i 

4 
25 
14 
19 

0 

352 

3.51 

61 

377 

4.33 '.-'-... 

391 

4.3»rf. 

60 

410 

4.43 

70 

410 

Total* 

1964 

647i 

252i 

d  Power  off. 

«  998-poandB  poured. 

The  resistor  between  compartments  2  and  8  was  evidently  generat- 
ing more  heat  than  that  between  compartments  1  and  2,  as  only  three 
heats  were  obtained  in  compartment  No«  1  against  five  in  No.  3. 
This  was  remedied  in  later  tests  by  connecting  a  voltmeter  to  show  the 
voltage  drop  across  either  resistor  and  by  adjusting  the  blade  pressure 
until  each  row  of  blades  gave  the  same  voltage  drop.  This  test  on 
furnace  6  was  run  one  hour  longer  than  that  given  above  on  the 
single  No.  20  furnace  (No.  1)  in  order  to  stop  when  all  three  pots 
had  been  poured  within  10  minutes.  The  power  was  oflF  furnace  1 
for  one  and  one-fourth  hours  instead  of  one-half  hour.  Had  fur- 
nace 1  been  run  one  and  three-fourths  hours  more  it  would  have  pro- 
duced three  more  55-pound  heats,  or  a  total  of  11,  and  would  have  used 
a  total  of  420  kilowatt  hours. 

m 

We  can  then  compare  the  single  No.  20  (furnace  1)  and  the  triple 
No.  20  (furnace  6)  as  follows; 


Operation. 


9-bour  operation . . 
24-hoiir  operation . 


Output. 


Single. 


Pounds. 

565 

1,800 


Triple. 


Pounds. 
1,000 
4,000 


Kw.  h.  per  ton. 


Single. 


1,500 
1,000 


Triple. 


820 
700 


The  advantage  of  the  triple  furnace  is  even  more  marked  when 
we  consider  that  on  9-hour  operation  420  kw.  h.  would  produce  565 
pounds  of  metal  in  the  single  furnace,  whereas  the  triple  410  kw.  h. 
produced  547J  pounds  in  the  center  compartment  alone,  as  well  as 
450  pounds  from  the  end  compartments. 

The  directing  of  the  heat  from  the  outside  of  the  resistors  toward 
other  crucibles  instead  of  toward  walls  made  much  of  that  heat  do 
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useful  work  and  did  not  decrease  the  work  done  in  the  center  com- 
partment. The  improvement  doubtless  would  not  be  so  striking  in 
a  furnace  of  larger  size  nor  on  continuous  operation,  but  it  would 
be  decided. 

In  order  to  see  if  any  saving  could  be  made  by  keeping  the  fur- 
nace hot  at  night,  in  another  test  the  furnace  was  run  empty  at  a 
low  power  input  for  five  hours,  using  a  total  of  161  kw.  h.  The 
melting  chamber  came  up  to  1,150°  in  two  and  one-half  hours,  using 
98  kw.  h.,  and  was  held  there  two  and  one-half  hours  by  the  use  of 
63  kw.  h.  more,  or  an  average  power  input  of  25  kw.  Melting  was 
then  begun,  four  heats  of  60  pounds  each  being  made  in  two  hours 
(two  from  the  center  compartment,  one  each  from  the  ends)  using 
98  kw.  h.  The  metal  was  poured  at  1,200°  C,  the  regular  alloy 
being  used. 

The  furnace  was  probably  nearly  but  not  fully  heated  to  the  "  sta- 
tionary state"  or  "steady  state,"* in  which  the  inside  is  at  full  run- 
ning temperature,  the  walls  are  so  heated  that  they  no  longer  ab- 
sorb and  store  heat  on  further  running,  and  the  outside  of  the 
furnace  being  at  maximum  temperature  the  losses  by  radiation  from 
the  walls  are  highest.  In  the  "  steady  state  "  the  power  supplied  to 
the  furnace  either  is  usefully  applied  in  melting  or  is  lost  by  radia- 
tion, conduction,  and  convection  from  the  wall  and  cover  surface 
into  the  floor  and  from  the  electrodes  by  water  cooling.  None  is  fed 
to  the  walls  to  be  stored  there,  as  the  walls  take  only  the  energy 
needed  to  maintain  them  throughout  in  a  temperature  equilibrium 
with  the  hot  interior  of  the  furnace  and  the  cold  air  outside. 

It  was  intended  to  supply  power  to  the  furnace  through  the  night 
as  needed  to  hold  the  temperature  of  the  furnace  constant,  but  the 
porcelain  protecting  tube  of  the  pyrometer  used  for  taking  chamber 
temperatures  was  broken  and  the  couple  itself  injured  just  as  it  was 
inserted,  so  that  the  power  supply  had  to  be  adjusted  by  visual 
rather  than  pyrometric  control  of  temperature. 

From  3.12  p.  m.,  when  the  last  heat  was  poured,  to  8  o'clock  the 
next  morning  the  furnace  was  run  empty  at  about  10  kw.,  163 
kw.  h.  being  used  in  the  16  hours.  The  furnace  then  appeared  to 
be  nearly  but  not  quite  at  running  temperature.  To  test  this  a  few 
heats  w^re  taken  off,  as  given  in  Table  11. 
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Table  11. — Log  of  run  on  triple  furnace,  starting  hot  after  running  at  night. 


Time. 

Pounds  poured  from 
oompartmant  Ko. 

Kw.h. 
used  in 
timein- 
tervBls 
given. 

Total 
kw.h. 
afters 
a.m.a 

1 

2 

3 

0.  971. 

8^00 

Start. 
...do. . 

Start. 
61 

BUrt. 

'   "eo" 

0 

9.11 

30 

? 

03 

9.i3 

93 

9.49 

591 

1^ 
142 

9.55 

^ 

ia40 

11.04 

55i 

160 

11.08 

«H 

167} 
175 

11.20  6 

»J 

Total  c 

115 

243i 

120i 

a  Average,  36}  kw.  h.  per  100  pounds. 

6  Power  off  at  11.15;  metal  poured  at  11.20. 

c  479  pounds  poured. 

Calculated  to  a  24-hour  operation  basis,  the  triple  furnace  gave 
about  3,500  pounds  output  at  730  kw.  h.,  a  fairly  close  check  on  the 
figures  calculated  from  the  other  test  given  above.  The  calculated 
output  is  somewhat  too  low  and  the  power  consumption  somewhat 
too  high,  because  the  furnace  was  not  fully  hot  at  the  start. 

On  a  9-hour  basis,  keeping  the  furnace  hot  the  other  13  hours  at 
10  kw.,  it  appears,  considering  both  tests,  that  the  figures  would  be- 
come about  as  follows:  Output  in  9  hours,  1,400  pounds;  kw.  h.  in  9 
hours'  running,  420 ;  in  13  hours,  empty,  130 ;  total,  550,  or  890  kw.  h. 
per  ton.  The  power  cost  per  ton  therefore  would  be  about  the  same 
as  on  9-hour  operation  without  night  heating,  but  the  output  would 
be  increased  40  per  cent. 

The  best  method  of  operation  can  not  be  calculated  accurately  from 
such  runs  as  these ;  it  must  be  worked  out  by  actual  long-time  tests. 
The  triple  No.  20  furnace  did  not  do  quite  as  good  work  as  the  single 
No.  40  furnace,  as  would  be  expected,  because  the  triple  furnace  had 
greater  wall  area  and  more  waste  space  than  the  single  No.  40. 

The  Hoskins  Manufacturing  Co.  later  built  a  double  furnace  for 
two  No.  20  crucibles  in  which  nickel-chromium  alloys  were  melted, 
in  which  there  were  two  rows  of  resistor  plates  along  the  long  sides 
of  the  rectangular  furnace  and  two  crucibles  set  side  by  side  in  the 
same  chamber.  Exact  data  are  not  available.  It  is  said  to  have 
shown  a  materially  decreased  power  consumption  over  the  use  of  two 
separate  No.  20  furnaces,  but  not  as  much  decrease  as  was  shown  by 
the  bureau's  triple  furnace  over  the  single  one. 

OBJEOTIOKS  TO  CETIOIBLE  TTTBKAOES  T£ST£B. 

Aside  from  the  general  disadvantages  of  crucible  furnaces — small 
units,  cost  of  crucibles,  and  high  cost  of  labor — ^the  main  objection  is 
the  short  life  of  the  resistor  plates.    At  prewar  prices  the  plates  cost 
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about  3  to  5  cents  apiece,  according  to  size,  and  would  be  more 
expensive  now.  In  the  practice  of  the  Hoskins  Manufacturing  Co. 
on  melting  nickel-chromium  alloys  the  plates  are  replaced  every 
Sunday  or  every  other  Sunday,  when  the  furnaces  are  regularly 
used  9  or  10  hours  a  day,  in  order  to  avoid  shutdowns  during  the 
week.  The  electrodes,  end  blocks,  and  connector  plates  also  have  a 
relatively  short  life.  The  failure  of  the  carbon  and  graphite  parts  is 
due  to  the  entrance  of  air  when  the  furnace  is  opened  to  charge  or 
pour  and  to  leakage  of  air,  while  running,  if  the  furnace  is  not  tightly 
closed. 

Sufficiently  exact  data  were  not  obtained  to  give  the  true  cost  of 
carbon  parts  per  ton  of  metal  melted,  but  at  prewar  prices  it  ap- 
peared probable  that  even  on  the  larger  furnaces  the  cost  would  lie 
between  $1  and  $2  per  ton.  At  any  rate,  it  would  be  a  considerable 
item  of  expense,  and  it  was  necessary  to  see  if  it  ftould  be  reduced. 
Through  the  kindness  of  the  National  Carbon  Co.  some  plates  were 
obtained  in  which  a  carborundum  rim  was  molded  around  the  plate, 
forming  a  sort  of  "  picture  frame  ^  of  carborundum.  Through  the 
courtesy  of  the  Carborundum  Co.  the  edges  of  some  plates  were  sub- 
jected to  silicon  vapor  (the  "siliconizing"  process)^*  and  a  layer  of 
"  silundum  "  or  "  silfrax  "  formed  thereon.  These  with  plain  com- 
panion plates  were  all  put  in  a  furnace  which  was  run  as  follows, 
cooling  to  room  temperature,  with  the  furnace  closed,  between  each 
heating: 

Tabub  12. — TimcB  and  temperatures  of  run  on  protected  resistor  blades. 


Run  No. 


1 
3 
3 
4 

6 
6 
7 
8. 
9 


Hours 
heaUng. 


a 


2 
9 


Furnace   y„^™ 


empty  or 
meluhg. 


Empty. 
. . .do.... 

...do 

Melting. 
Empty. 
Melting. 
Empty. 
Melting. 
...do.... 


tempera- 
ture (tf 
fomaoe. 


1,350 
1,075 
1,000 


600 
'fiOO 


Tender- 

atoreof 

metal 

poured. 


C. 


1,200 

i'aoo 


1,000 
1,07S 


Ai^erage  iceights  after  a  total  running  time  of  28|  hours. 


Average 
orf^nal 
weight. 


Small  carbon 

Larns  carbon 

Small  "picture  frame". 
Large  nlficonlfert 


Orama. 

02 

139 

111 

122 


Ayerage 

final 
weight. 


Orumt* 

36 
61 
62 

78 


Average 
loss. 


Oram*. 
56 
78 
49 
44 


Percent, 
60 
56 
44 

36 


^  Compare  Tone,  P.  J.,  V,  S.  Patent  1,013,700,  Jan.  2,  1912 ;  Caxtwrtrndmn  refmctoriai : 
Met.  Chem.  Eng.,  vol.  11,  1913,  p.  485. 
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The  protecting  coat  tended  to  crack  off  from  both  sorts  of  pro- 
tected plates  rather  early  in  the  test.  While  such  protection  does 
increase  the  life,  it  probably  does  not  increase  it  enough  to  make 
up  for  the  increased  cost.  Protection  of  the  plates  by  placing  them 
inside  a  trough  or  box  made  of  thin  carborundum  slabs,  as  was  done 
on  furnace  6,  was  a  much  more  effective  way  of  preventing  oxida- 
tion of  the  resistor.  Baffling  the  flow  of  heat  by  a  solid  wall  is 
inadvisable  from  the  point  of  view  of  thermal  efficiency  and  might 
be  expected  to  reduce  the  efficiency  materially.  In  the  triple  furnace, 
however,  there  was  no  perceptible  difference  between  the  furnace 
with  open  blades  and  with  blades  in  the  carborundum  box,  either 
on  rate  of  production  or  on  power  consumption. 

Granular  graphite  was  tried  as  a  resistor  material  in  the  triple 
furnace,  held  in  carborundum  troughs,  but  it  was  not  found  possi- 
ble to  maintain  the  resistor  in  a  tall  narrow  trough,  as  hot  spots 
sooner  or  later  developed.  On  making  the  troughs  sufficiently  wider 
and  shallower  to  minimize  that  difficulty  the  voltage,  even  with 
the  wider  and  shallower  trough,  had  to  be  kept  below  a  certain 
limiting  value  for  each  different  resistor  or  the  hot  spots  would 
again  develop.  The  triple  furnace  was  rated  at  50  kw.  and  in  order 
to  get  resistors  in  12-inch  lengths  (2  resistors  in  series)  that  would 
take  50  kw.  it  was  necessary  to  use  troughs  7  inches  wide  by  4^  inches 
deep,  inside  dimensions,  filled  evenly  with  14-mesh  graphite  and  cov- 
ered with  carborundum  slabs.  This  resistor  when  fully  hot  took 
about  40  volts  at  1,250  amperes.  Coarser  graphite  would  probably 
have  caused  less  danger  of  hot  spots,  but  none  was  available.  The 
resistors  were  now  each  8  inches  wide  outside  instead  of  about  4 
inches,  as  were  the  carborundum  boxes  inclosing  carbon  plates; 
hence  it  seems  that  the  waste  space  and  the  8  inches  added  length 
demanded  by  the  substitution  of  granular  resistors  would  be  likely 
in  so  small  a  furnace  to  lower  the  efficiency  of  the  furnace. 

A  few  tests  were  also  made  on  the  construction  of  crucible  furnaces 
of  the  multiple  type,  in  which  an  arc  is  used  as  the  heat  source,  but 
when  an  arc  (between  the  two  electrodes)  is  run  near  an  ordinary 
graphite  crucible  bonded  with  clay  the  excessive  local  arc  tempera- 
ture soon  melts  the  bond  and  makes  the  crucible  disintegrate. 

BOCXrZE  FirBNACE. 

Boeuze^^  has  suggested  a  furnace  in  which  a  crucible  rotates  on 
its  vertical  axis  and  is  heated  by  two  arcs,  one  on  each  side,  which 
move  up  and  down,  the  motion  of  the  crucible  and  arc  distributing 
the  heat  uniformly  over  the  surface  of  the  crucible.  This  plan  ap- 
pears to  require  an  unusual  amount  of  mechanism  for  the  heating 

''*  Bocu«e.  J.  M.,  U.  8.  Patent  1,053,563,  Feb.  18,  1913. 
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of  one  crucible,  and  such  a  furnace  would  therefore  be  expensive  to 
build. 

Attempts  were  made  by  the  Bureau  of  Mines  to  heat  a  furnace 
containing  two  crucibles  between  which  was  one  arc  separated  from 
the  crucibles  by  carborundum  slabs  to  distribute  the  heat  more 
uniformly;  the  carborundum,  however,  was  raised  to  its  decompo- 
sition point  near  the  arc  before  the  crucibles  were  hot  enough  to 
melt  brass. 

The  bureau's  work  on  crucible  lift-out  furnaces  indicated  (1) 
that,  although  metal  losses  for  alloys  high  in  zinc  were  much  less 
in  electric  crucible  furnaces  than  in  fuel-fired  furnaces,  and  (2) 
although  the  efficiency  of  crucible  lift-out  furnaces  could  be  increased 
by  the  use  of  multiple  furnaces  arranged  for  internal  heating,  with 
resistors  between  the  crucibles,  in  place  of  a  single  crucible  with 
resistors  along  the  walls,  nevertheless  (3)  the  crucible  furnace  can 
not  be  made  to  compare  in  efficiency  with  furnaces  of  the  hearth 
type.  The  cost  of  crucibles,  also,  and  the  fact  that  at  best  the  crucible 
type  is  a  small-unit  furnace,  made  it  advisable  to  turn  to  other  forms 
of  electric  furnace. 

PACTOBY  TEST  OF  NO.  70  HOSKINS  FITBNACE. 

In  the  meantime  a  test  on  melting  brass  was  made  by  the  Hoskins 
Manufacturing  Co.  at  its  own  factory  in  a  larger-size  furnace  than 
those  described  above,  a  representative  of  the  Bureau  of  Mines  being 
present.    This  furnace  is  shown  in  Plate  III,  B  (p.  61). 

ARBANOEXENT    OF    FURNACE. 

The  lift-out  furnace,  called  the  "  F.  C.  108  "  furnace,  was  built  up 
in  an  iron  shell  43  by  43  by  29  inches.  The  furnace  chamber  proper 
inside  this  shell  was  19  by  19  by  16  inches  high.  About  this  was 
a  lining  of  magnesite  brick  4|  inches  thick,  backed  up  by  a  SJ^-inch 
layer  of  fire  brick  on  the  sides  and  by  8^  inches  of  fire  brick  on  the 
bottom.  About  the  sides,  the  space  between  fire  brick  and  shell,  5 
inches  on  each  side,  was  packed  with  infusorial  earth.  There  was  a 
square  hole  2|  by  2^  inches  in  the  bottom  of  the  furnace  to  allow 
the  metal  to  run  out  if  the  crucible  should  break  in  the  fomaoe. 
This  was  closed  with  a  fire-clay  plug  at  the  bottom. 

The  resistor  consisted  of  two  rows  of  carbon  blades  2J  by  16  by  \ 
inches,  standing  at  opposite  sides  of  the  furnace.  There  was  just 
room  in  the  furnace  chamber  for  a  No.  70  crucible.  The  tongs  were 
put  on  diagonally,  the  comers  allowing  space  for  them.  A  No.  70 
crucible  is  rated  at  a  capacity  of  about  210  pounds  of  red  brass,  or 
about  195  pounds  of  yellow  brass.    The  hoist  used  to  lift  the  crucible 
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was  a  little  difficult  to  handle  and  the  metal  was  likely  to  spill  into 
the  furnace  during  the  lifting  of  the  crucible  if  filled  too  near  the 
top.  The  electrodes  were  graphite  cylinders  8  inches  in  diameter. 
These  were  laid  in  a  carborundum  fire-sand  packing  and  pressed 
against  contact  blocks  of  graphite  2J  by  2^  by  15  inches,  which,  in 
turn,  pressed  against  the  blades.  At  the  other  end  of  the  electrodes 
water-cooled  electrode  holders  made  contact  with  flexible  laminated 
copper  connectors,  to  which  the  leads  were  joined.  The  electrode 
holders  were  provided  with  adjusting  screws  by  which  the  contact 
resistance  between  the  blades  could  be  varied  by  varying  the  pressure. 
The  two  rows  of  blades,  about  €0  blades  on  a  side,  120  in  all,  were 
joined  in  series  through  three  carbon  plates  1|  inches  thick,  5  inches 
high,  and  19  inches  long.  As  there  is  no  contact  resistance  on  this 
side,  the  carbon  plates,  though  forming  part  of  the  resistor,  have  a 
lower  resistance  than  the  blades  and  generate  little  heat.  On  the 
electrode  side  of  the  furnace  the  furnace  chamber  was  lined  with 
magnesite  brick,  standing  between  the  two  graphite  contact  blocks 
or  '^  push  blocks."  Thus  the  melting  chamber  had  magnesite  on  one 
side,  high-resistance  resistors  on  two  sides,  and  low-resistance  resistor 
on  one  side.  The  heat  was  generated  mainly  in  the  sides  with  the  two 
high-resistance  resistors  and  was  not  evenly  distributed  about  the 
crucible. 

The  furnace  chamber  was  raised  4  inches  above  the  furnace  shell 
by  large  fire-brick  blocks  about  2  by  1  by  4  feet,  so  laid  as  to  pro- 
ject 2^  inches  over  the  resistor  blades,  at  1  inch  distance  above 
them.  This  distance  is  rather  small,  and  the  fire  brick  began  to  drip 
a  little  at  the  end  of  the  tests,  although  no  serious  trouble  resulted. 
The  projecting  ledge  served  to  protect  the  tops  of  the  blades  from 
oxidation  and  the  operator  from  some  of  the  direct  radiation  when 
he  pulled  the  crucible  from  the  furnace. 

The  fire-brick  blocks  were  not  tightly  laid,  and  the  iron  shell  might 
well  have  been  4  inches  taller.  The  fire-clay  plug  in  the  drainage 
hole  in  the  bottom  was  not  tight,  and  there  was  some  draft  through 
the  furnace  from  top  to  bottom,  as  the  furnace  was  not  properly  closed. 
This  draft  hastened  oxidation  of  the  blades  and  increased  the  zinc 
loss  from  volatilization.  On  top  of  the  massive  blocks  was  a  cover  of 
4-inch  fire  brick,  with  a  charging  hole  in  the  center,  that  was  in  turn 
covered  with  fire  brick. 

DETAILS  OF  TEST. 

The  run  on  May  5,  1914,  began  at  10.15  a.  m.,  the  furnace  being 
cold.  The  metal  melted  on  this  day  was  yellow  brass  ingot  contain- 
ing 66  per  cent  copper,  33  per  cent  zinc,  and  1  per  cent  lead.  The 
first  two  charged  were  of  ingots  weighing  about  30  pounds  each.    The 


64  ELECTBIC  BBASS  FUBNACB  PEACTICE. 

metal  was  poured  into  smaller  ingots  weighing  about  10  pounds  each. 
The  transformer  efficiency  was  not  known,  but  it  was  probably  not  as 
high  as  on  ordinary  transformers,  as  &  special  testing  set  of  trans- 
formers had  been  designed  for  ready  control  by  a  number  of  changes 
in  voltage  rather  than  for  efficiency.  Calculating  transformer  effi* 
ciency  at  100  per  cent,  the  furnace  was  starts  on  234  volts,  240 
amperes,  55  kv.  a.  on  the  primary,  and  42.5  volts,  1,300  amperes,  on 
the  secondary.  As  the  resistor  warmed  up  the  power  taken  increased, 
till  in  half  an  hour  the  primary  showed  220  volts,  390  amperes,  85 
kv.  a.,  corresponding  to  40  volts,  2,150  amperes,  on  the  secoadary. 
This  was  too  high  a  current  for  the  leads,  which  began  to  heat  up,  as 
the  leads  consisted  of  four  cables,  each  of  about  300,000  circular  mils. 
Each  of  these  two  leads  was  about  6  feet  long.  The  transformer 
ratio  was  changed  at  10.57  a.  m.,  so  that  for  220  volts,  390  amperes, 
85  kv.  a.  on  the  primary,  the  secondary  was  taking  about  45.5  volts, 
1,750  amperes.  About  90  pounds  of  metal  had  been  charged  at  the 
start,  and  it  took  till  noon,  or  If  hours,  before  this  had  melted 
down  so  that  another  30-pound  ingot  could  be  charged.  Up  to  nooa 
130  kw.  h.  had  been  used.  (The  watt-hour  meter  being  of  course 
connected  on  the  primary  all  kw.  h.  figures  include  transformer  and 
lead  losses.)  The  heat  went  on  more  rapidly  from  that  point,  till  at 
12.23  p.  m.  the  charge,  totaling  181^  pounds  of  metal,  was  all  in. 
The  furnace  was  run  at  an  average  of  85  kw.  until  12.30  p.  m.,  when 
the  power  was  reduced  by  regulation  of  the  blade  pressure  to  about 
80  kw.,  at  which  figure  it  ran  till  12.39 ;  it  was  th^i  reduced  further 
to  40  kw.,  and  then  progressively  to  15  kw.  at  12.45,  when  the  metal 
was  at  1,060°  C.  and  the  heat  was  poured.  The  heat  took  2^  hours 
and  used  183  kw.  h.,  or  101  kw.  h.  per  100  pounds  on  the  first  heat 
from  a  cold  furnace.  The  men  who  poured  the  metal  into  ingots 
were  not  used  to  crucibles  of  this  size  and  spilled  a  good  deal, 
increasing  the  gross  loss.  There  was  poured  176^  pounds  of  ingot, 
and  4^  pounds  of  clean  metal  were  recovered  from  spillings  and 
skimmings.  The  net  loss  was  thus  0.4  per  cent^  A  little  salt  was 
used  as  a  flux  on  this  heat  and  on  subsequent  heats. 

The  power  was  kept  on  between  heats,  but  the  adjusting  screws 
were  loosened,  so  that  not  much  power  was  drawn  by  the  furnace. 
The  power  thus  used  while  the  furnace  was  empty  is  charged  to  the 
heat  next  following.  The  other  heats  will  not  be  described  in  detail, 
but  are  tabulated  in  Table  13. 
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Tabtjs  18. — Test  of  Hoskins  furnace.  No.  10  crucible,  on  yeUow-brass  ingot. 


HwtNo. 

Time  cur- 
rent on. 

Current  oiS. 

Amount 
dtoiiged. 

Ingot 
poural. 

Metal 

recov- 
ered 

from 
spin 
and 

skim. 

TotaL 

Net 
metal 
loss. 

Pouring 
temper- 
ature. 

Kw.h. 
used. 

1 

2 

3 

10.16  a.m.. 
12.65  p.  m. . 
2.04  p.  m. . . 
3.15  p.m... 
4.10  p.m... 

12.45  p.  m. . 

1.56  p.m... 

2.57  p.m... 
4.03  p.m... 
4.42  p.m... 

Pound*. 
18L50 
188.25 
194.00 
192.00 
107.50 

Pound*, 
17&25 
183.00 

(*) 
186.50 
104.00 

Pound*. 
4.5 
4.5 

180.75 
157.50 

Pound*. 

0.76 

.75 

1,060 
1,065 
1,066 
1,060 
1,065 

a  183 
78 
75 

4 

4.0 

3.0 

190.50 
107.00 

1.50 
.50 

68 

6 

46 

Total... 

863.25 

03.60 

'450 

a  Fumaeeooid  at  start. 

ft  Much  metal  spilled  into  furnace  in  lifting  pot. 

c  Net  metal  loss  on  660^5  pounds,  IJSO  pounds,  or  0.52  per  cent. 

d  That  is,  1,010  kw.  h.  per  ton. 

At  6.06  p.  m.  the  outside  wall  of  the  furnace  was  at  80°  C.  At 
7.10  the  next  morning  it  was  at  70®  C,  and  the  melting  chamber 
was  at  600°  C. 

On  the  next  day,  May  6,  with  the  furnace  hot  from  the  previous 
day^s  run,  a  red  brass  containing  33  per  cent  copper,  4  per  cent  tin, 
5  per  cent  lead,  and  7  per  cent  zinc  was  melted*  Using  the  same 
transformer  ratio  as  was  used  at  the  last  (and  during  most  of  the 
run  of  May  5),  the  furnace  was  started  at  7.20  a.  m.,  taking  53  kw. 
As  the  resistor  became  heated  more  power  was  drawn,  till  at  8.50 
a.  m.  it  had  reached  92.5  kw. ;  fnnn  this  point  it  was  run  at  80  to 
85  kw. 

Seventy-five  pounds  of  metal  (in  25-pound  ingots)  was  charged 
at  the  start.  No  more  could  be  charged  till  8.40  a.  m.,  and  the  whole 
charge  of  20^  pounds  (all  in  abont  25-pound  ingots)  was  in  at 
9.09  a.  m..  At  9.20  a.  m.  the  metal  was  at  about  1,050°  C,  and  at  9.36 
a.  m.  it  was  at  1,200°  C,  when  it  was  poured.  This  heat  and  the 
later  heats  are  tabulated  in  Table  14. 

Table  14. — Test  of  HoskinB  furnace,  No.  10  crucible,  on  redrbroAs  ingot. 


Heat 
No. 

Time  cur- 
rent on. 

Current 
off. 

Amount 

of  ingot 
charged. 

Ingot 
poured. 

Metal 

recov- 

•rwl 

from 

skim 

and 

splU. 

Total. 

Net 

metal 
loss. 

Pouring 
tempera- 
ture. 

Kw.h. 
used. 

1 

2 

7.20  a.m. 
9.45  a.m. 
10. 53  a.  m. 
11.55  a.m. 
1. 04  p.  m. 
1.57p.m. 
2. 47  p.  m. 
3.40  p.m. 

9. 36  a.  m. 

10.40  a.m. 

11.45  a.m. 

cl2. 55p.m. 

1.50  p.m. 

2.41p.m. 

3. 33  p.  m. 

4.27  p.m. 

Pound*, 
202.50 
2031 00 
192.26 
196.00 
193.75 
193.50 
192.00 

19a  00 

Pwind*, 
198.25 

189.00 
194.50 
192.00 
188.75 
190.00 
187.50 

Pbund*. 
3.25 

201.50 

Pound*, 
1.00 

•c. 

1,200 
1,200 
1,200 
1,200 
1.180 
1.200 
1,180 
1,180 

alG4 
79 

3 

4 

2.00 
1.00 
1.25 
4.26 
1.50 
2L00 

191.00 
105.50 
193.25 
193.00 
191. 50 
189.50 

1.25 
.60 

.50 
.50 
.50 
.60 

70 
e47 

5 

6 

7 

8 

e65 

48 
49 
48 

Total 

.  .         1 

1,503.00 

•'4.75 

«670 

1 

o  Furnace  warm  at  ^art  from  previous  day's  run. 
b  Pot  too  full;  mc^  spilled  iuio  f  umaoe  in  lift  log. 

c  Low  power  for  20  minutes  and  none  at  dl  for  12  minutes  (noon  heat)  while  metal  was  in  crucible. 
Note  reduction  in  kw.  h.  used  because  of  use  of  stored  heat,  which  had  to  be  replaced  on  next  heat. 
d  Net  metal  loss  on  1, 360  pounds,  4. 75  pounds  or  0. 35  per  cent. 
*  Average,  730  kw.  h .  per  ton. 
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l^he  results  on  red  brass,  starting  with  a  warm  furnace,  are  much 
better  than  on  the  run  of  five  heats  on  yellow  brass,  starting  with  a 
cold  furnace.  With  the  furnace  hot  in  the  morning  from  a  previous 
day's  run,  the  power  consumption  for  yellow  brass  would  apparently 
be  about  600  kw.  h.  per  ton.  The  crucible  was  in  far  better  shape  after 
13  heats  in  the  electric  furnace  than  it  would  have  been  after  13  heats 
in  a  fuel-fired  furnace.  The  efficiency  of  the  No.  70  furnace  was 
only  a  very  little,  if  any,  better  than  that  of  the  No.  40  furnace, 
although  the  larger  furnace  would  be  expected  to  show  better  results. 
The  relatively  better  results  of  the  No.  40  furnace  are  probably  due 
to  the  use  of  resistor  plates  on  four  sides  of  the  crucible  instead  of  on 
two  only.  There  was  a  visible  difference  in  temperature  in  the  No.  70 
size  between  the  sides  on  which  the  resistors  were  placed  and  the 
other  two  sides. 

EOUNDBY  TEST  OF  NO.  70  HOSXINS  FXTBNACE. 

In  order  to  collect  information  on  electric  brass  melting,  the  Com- 
monwealth Edison  Co.,  of  Chicago,  purchased  a  Hoskins  furnace 
designed  to  take  a  No.  70  crucible,  installed  it,  and  tested  it  at  the 
plant  of  the  L.  Wolff  Manufacturing  Co^  The  test  was  conducted 
by  Mr.  H.  M.  St.  John,  of  the  Commonwealth  Edison  Co.,  in  1915, 
by  whose  courtesy  the  following  data  are  made  available. 

The  furnace  was  in  actual  operation  40  days,  in  which  it  produced 
171  heats  of  about  200  pounds  each,  or  about  17  tons  of  metal.  This 
is  an  average  of  only  a  little  over  four  heats  a  day,  but  does  not 
represent  the  productive  capacity  of  the  furnace,  as  operation  was  on 
an  experimental  basis. 


During  the  test  the  furnace  had  to  be  shut  down  eight  times  for 
furnace  troubles,  four  times  when  the  breaking  of  a  crucible  let  the 
metal  into  the  furnace  chamber,  twice  for  failure  of  cover  slabs,  once 
for  failure  of  the  magnesite  lining,  and  once  for  failure  of  the 
resistor. 

The  crucible  breakage  was  apparently  due  to  the  use  of  a  No.  80 
crucible  in  a  furnace  only  designed  for  a  No.  70,  thus  bringing  the 
crucible  very  close  to  the  resistor.  Vertical  cracks  developed  at  the 
top  of  the  crucibles,  apparently  due  to  too  rapid  heating  of  the 
parts  of  the  crucible  nearest  the  resistor.  The  crucibles  averaged  a 
life  of  only  19  heats,  against  a  record  of  35  heats  claimed  for  the 
same  crucibles  in  the  oil  furnaces  of  the  plant.  There  was  much 
less  oxidation  and  scaling  in  the  electric  than  in  the  oil  furnaces; 
if  the  cracking  could  be  prevented  the  crucible  life  in  the  electric 
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furnace  should  be  superior.  It  seemed  probable  that  by  using  resistor 
plates  on  all  four  sides  of  the  furnace  instead  of  on  two  only  and 
by  using  the  No.  70  crucible,  for  which  the  furnace  was  intended,  a 
more  even  heating  of  the  crucible  and  a  satisfactory  crucible  life 
would  residt. 

A  larger,  more  easily  opened  tap  hole  in  the  furnace  bottom  could 
readily  be  installed,  and  shutdowns  thus  avoided  if  a  crucible  did 
break  in  the  furnace.  The  shutdowns  due  to  failure  of  the  cover 
bricks  could  be  prevented  by  using  a  better  grade  of  brick  or  by 
keeping  spare  covers  on  hand. 

The  magnesite-brick  lining  was  not  a  success,  as  under  the  inter- 
mittent operation  of  the  test  it  spalled  badly  after  two  weeks*  service. 
It  was  patched  up  and  kept  going  throughout  the  test,  but  it  was  a 
cause  of  continual  anxiety.  Inasmuch  as  the  Hoskins  Manufacturing 
Co.  had  very  good  results  from  furnaces  with  carborundum  linings  in 
melting  nickel-chromium  alloys,  and  hence  run  under  more  severe 
conditions  than  a  brass  furnace,  it  was  believed  that  by  replacing  the 
4^-inch  magnesite  lining  by  one  made  of  2^rinch  magnesite  and  21- 
inch  carborundum',  with  the  carborundum  inside,  the  life  of  the  lining 
could  be  made  satisfactory. 

Shutdowns  from  failure  of  the  resistor  or  other  carbon  parts  can  be 
prevented  by  replacing  such  parts  on  the  Sunday  before  they  would 
fail.  Experience  is  needed  to  enable  the  operator  to  predict  just  when 
failure  would  occur;  with  such  experience,  shutdowns  should  be  in- 
frequent. 

While  it  was  impossible  to  make,  during  the  test,  the  changes  indi- 
cated by  the  test  as  desirable,  there  seemed  no  reason  why  the  furnace 
should  not  operate  steadily  and  reliably  if  the  suggested  improve- 
ments should  be  made. 

EFFICIEHOT. 

The  furnace  could  not  be  run  at  maximum  efficiency,  as  it  was 
placed  so  far  from  the  molding  floor  that  the  metal  had  to  be  carried 
much  farther  than  would  be  necessary  in  practice.  This  meant  that 
the  metal  had  to  be  heated  more  than  normal  and  that  the  loss  of  time 
in  pouring  was  much  more  than  should  be,  probably  handicapping  the 
furnace  about  one  heat  in  a  9-hour  day.  Operating  on  yellow  brass 
of  65  per  cent  copper,  33  per  cent  zinc,  and  2  per  cent  lead,  with  the 
metal  poured  at  1,100,°  C,  the  average  results  shown  in  Table  15  were 
obtained. 
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Table  15. — Results  of  foundry  test  of  Uoskins  furmice,  200'pound  heats. 

Monday,  Btartln^  with  famace  practically  cold. 


1. 
2. 
3. 
4. 
5. 
6. 


Total. 


Heat  No. 


Time  6( 

Kw.  h. 

heat.a 

used. 

H,   Ttl, 

2    42 

209 

1    26 

96 

1    80 

91 

1    10 

76 

1    10 

72 

1    05 

66 

8    53 

610 

Output. 


M,200 


Regular  operation,  no  night  heating,  but  furnace  hot  from  previoas  day'i  run. 


1. 
2. 
8. 
4. 
6. 
6. 
7. 


Total. 


H.  m. 

2    10 

162 

1    22 

91 

1    18 

79 

110 

77 

1    10 

68 

1    05 

62 

Pounds. 

1    00 

58 

el,  400 

,     -9    15 

597 

Saturday  (half  day). 


1  . 

1       If.    VL 

'       2    10 

162 

91 
79 

2 

1    22 

3 

1    18 

'600 

Total 

4    50 

332 

a  Actual  running  time  per  heat,  plus  10  minutes  to  pour  and  ohaxjge* 
6 1,000  kw.  h.  per  ton. 
c  875  kw.  h.  per  ton. 
d  1, 100  kw.  h.  per  ton. 


Results  of  a  week*s  operation. 


Monday 

Tuesday  to  Friday. 
Saturday 


Total. 


«  900  kw.  h.  per  ton. 


Pounds. 

1,200 

5,600 

600 


I 


7,400 


Kw.h. 
used. 


610 

2L388 

332 


■3^330 


By  using  125  kw.  h.  during  the  night  (about  8  kw.)  to  keep  the 
furnace  hot,  the  following  results  were  obtained ; 
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Results  Qf  heais. 


Heat  No. 

Time  of 
lieat.a 

Kw.h. 
used. 

Oatpot. 

0 

1    10 
1    18 
1    06 
1    03 
1    00 
1    00 
1    00 

125 
136 
01 
77 
75 
71 
68 
€55 
51 

1 

2 

3 

4 

5 

6 

7 

Pownia, 

8 

dl,600 

Total 

0    30 

749 

■  Actual  nmning  time  per  heat,  plus  10  minatee  to  pour  and  cbaige. 
5  Ni^t. 

c  Power  input  reduced  on  last  heat,  utilizing  some  stored  heat. 
d  950  kw.  h.  per  ton. 

Night  heating  at  this  rate  increases  the  output  by  one  heat,  but 
raises  the  energy  needed  per  ton.  Eight  kw.  are  insufficient  to  hold 
the  furnace  hot  enough  over  night  to  affect  materially  the  production 
rate. 

On  a  24-hour  operation  the  furnace  could  produce  200  pounds  per 
hour,  or  4,800  pounds  per  day,  at  66  kw.  h.  per  heat,  or  650  kw.  h. 
per  ton. 

About  10  per  cent  of  the  power  supplied  (about  80  kw.  on  the  first 
couple  of  heats  of  a  9-hour  day,  about  60  kw.  thereafter)  was  lost  in 
the  electrode  cooling  water. 

ELEOT&IOAL    CHARAOTEBISTtOS. 

Like  any  purely  resistance  furnace,  the  power  factor  was  unity. 
Under  usual  operation  the  voltage  and  amperage  for  different  rates 
of  power  were  as  follows : 


Table  16. — Comparison  of  current  values. 


Kw. 

Volte. 

Amperes. 

Kw. 

Volte. 

Amperes. 

100 
90 
85 
80 

50.0 
47.4 
47.2 
458 

2,000 
1,900 
1,800 
1,760 

75 
70 
65 

41.7 
41.2 
40.7 

1,800 
1,700 
1,600 

By  varying  the  pressure  on  the  plates  at  any  given  voltage  the 
power  input  can  be  varied  25  per  cent  and  still  give  good  operating 
conditions.  Larger  variations  could  be  made,  but  result  in  less  satis- 
factory operation,  so  that  voltage  control  is  also  necessary. 

Where  resistor  plates  are  used  on  four  sides  of  the  furnace  instead 
of  two,  there  would  be  a  greater  allowable  percentage  of  power 
regulation  by  altering  the  resistor  pressure,  the  voltage  would  be 
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increased,  the  current  lowered,  and  hence  the  power  loss  in  electrode- 
cooling  water  decreased  and  the  efficiency  raised  somewhat. 

LIFE    OF   CA&BOK  PABT8. 

The  average  working  day's  life  of  the  various  carbon  parts  was 
as  follows:  Carbon  resistor  plates  and  graphite  back  plates,  12  to  14 
days ;  graphite  push  blocks  and  electrodes,  24  to  80  days. 

XZTAL   X088. 

Only  a  few  determinations  of  metal  loss  were  made.  On  the 
yellow  brass  (33  per  cent  zinc)  used,  the  charge  containing  12  per 
cent  oily  borings  and  18  per  cent  gates,  with  some  adhering  sand, 
the  average  net  loss,  by  comparing  weight  of  metal  charged  and 
weight  of  ingot  poured  (1,100°  C),  was  1.1  per  cent,  no  deduction 
being  made  for  the  nonmetal  in  the  charge.  By  weighing  the  charge 
and  weighing  the  crucible  full  of  molten  metal  before  and  after 
pouring  in  order  to  get  the  weight  of  metal  in  the  pot,  a  net  loss 
of  0.3  per  cent  was  found  on  the  yellow  brass.  The  latter  method, 
on  a  few  heats  of  red  brass  (20  per  cent  oily  boring  and  13  per 
cent  gates)  gave  0.35  per  cent  net  loss.  The  net  loss  on  yellow  brass 
in  the  crucible  lift-out  oil  furnaces  ran  between  3  and  4  per  cent. 

The  castings  made  with  electrically  melted  metal  were  subjected 
to  regular  inspection  and  to  hydraulic  tests  and  were  reported  to  be 
of  the  same  quality  as  metal  from  the  oil-fired  crucible  furnaces. 

A  comparison  of  melting  costs  was  made  for  yellow  brass,  as  fol- 
lows (1915  conditions) : 

Table  17. — Comparative  melting  costs  irith  oil  and  electric  crucible  lift-out 

furnaces. 

Oil  Fnrnace. 

44  gallons  oil  per  ton,  at  4  cents  per  gallon $1. 76 

Pumping  oil  and  blowing  air .  50 

Maintenance .  25 

Metal  loss  3  per  cent,  at  10  cents  per  pound 6. 00 

Labor 1.10 

Crucibles  at  $5.25  each,  life  35  heats  of  200  pounds 1. 50 

Total 11. 11 

Steotrlo  Fnrnaoe. 

9-hour  operatloiif  no  night  heating : 

Power,  900  kw.  h.  per  ton  at  1  cent  per  kw.  h $9.00 

Maintenance  (resistors,  linings,  etc.) 1.00 

Labor  (same  as  in  oil  furnace) 1.10 

Crucibles  (lite  assumed  same  as  in  oil ) . 1. 50 

Metal  loss  1  per  cent,  at  10  cents  per  pound 2. 00 

Total -• 14. 60 
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Elaotrlo  FnxnaoB. — Coatlnaed.  > 
24-honr  operation: 

Power,  550  kw.  h.  per  ton  at  1  cent  per  kw.  h 5. 50 

Maintenance 1. 00 

Labor 1.10 

Crucibles 1.50 

Metal  loss _' 2. 00 

Total 11. 10 

The  better  working  conditions  resulting  from  the  use  of  the  elec- 
tric furnace,  due  to  its  great  cleanliness,  quiet,  and  coolness,  compared 
to  the  oil  furnaces  are  not  assigned  pecuniary  valuation  in  the  above 
comparison,  although  the  advantages  were  apparent.  These  factors 
were  assumed  to  balance  the  interest  and  depreciation  charges  on 
the  electric  furnace,  which  were  not  included  in  the  calculation.  The 
price  of  a  furnace,  taking  a  No.  70  crucible,  with  complete  auxiliary 
equipment  ready  to  attach  to  a  110-volt,  60-cycle  current  (but  not 
including  transformer  for  stepping  down  from  2,200^  4,400,  or  6,600 
volts  to  110  volts),  on  August  1,  1916,  was  about  $1,500.  It  is  seen 
that  for  the  electric  crucible  lift-out  furnace  to  compete  with  an  oil 
furnace  at  these  figures  the  electric  furnace  must  be  used  24  hours 
a  day  and  must  be  developed  to  equal  or  surpass  the  oil  furnace  as 
regards  crucible  life.  Even  then,  at  the  assumed  prices  of  oil  and 
of  electric  power,  the  only  opportunity  for  the  electric  crucible  fur- 
nace is  its  reduction  of  losses  in  metal.  The  higher  the  value  of  the 
metal  lost  the  greater  is  the  chance  for  the  electric  furnace. 

It  is  obvious  that  under  the  1915  conditions  at  the  plant  the  elec- 
tric crucible  furnace  was  not  promising  and  the  furnace  was  not 
used  after  the  test,  nor  was  the  test  continued  to  try  out  the  im- 
provements suggested. 

CADWSLIi  FUBKAOB. 

A  crucible  lift-out  furnace  designed  by  Cadwell,'*  primarily  in 
portable  form  for  melting  copper  for  bonding  purpoifes  on  an  elec- 
tric railroad,  and  hence  made  to  utilize  current  from  the  trolley  wire 
or  third  rail,  contains  one  or  more  small  crucibles  resting  on  (but 
not  surroimded  by)  a  bed  of  granular  carbon,  to  which  the  granu- 
lar resistor  current  is  led  by  two  vertical,  adjustable  electrodes. 
From  these  electrodes  arcs  are  drawn  to  the  resistor,  so  that  the 
crucible  is  heated  by  radiation  from  arcs  on  two  sides  and  by  con- 
duction and  radiation  from  the  resistor  below. 

Further  details  of  the  design  will  be  found  in  the  patent.  It  is 
stated  that  two  crucibles,  each  containing  20  pounds  of  copper,  may 
be  brought  to  1,375**  C.  in  20  minutes,  but  it  is  not  stated  whether 

wCkdwell,  .  A.,  U.  S.  Patent  1,290,902,  Jan.  14,  1919;  application  filed  May  1,  1915. 
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this  refers  to  starting  from  the  cold  or  to  starting  with  the  furnace 
already  up  to  temperature.  No  data  on  power  consumption,  fur- 
nace upkeep,  etc.,  are  given. 

RENNEBI'ELT  CBTJCIBLE  LIFT-OUT  FUBKACE. 

A  recent  patent  to  Rennerfelt^*  for  a  multiple-crucible  lift-out 
furnace  for  melting  metals,  glass,  etc.,  is  of  interest,  although  no 
data  on  its  operation  are  available.  In  this  furnace  is  used  the 
principle  of  internal  heating  previously  utilized  in  the  triple-crucible 
furnace  tested  by  the  Bureau  of  Mines.  The  heating  element  of  the 
furnace  is  in  the  center,  and  crucibles  are  placed  all  around  it  in  a 
circular  furnace  or  on  both  sides  of  it  in  a  rectangular  furnace. 

The  heat  is  generated  by  arcs  struck  from  three  vertical,  adjust- 
able electrodes,  in  a  three-phase  furnace,  to  a  bed  of  granular  carbon 
or  graphite  held  in  a  dish-shaped  carbon  or  carborundum  receptacle 
in  the  circular  furnace,  or  in  a  trough  of  one  of  those  materials  in  the 
rectangular  furnace.  The  presence  of  the  granular  resistor  material 
stabilizes  the  arcs,  and  some  heat  is  generated  by  the  passage  of  cur- 
rent through  the  resistor. 

As  to  the  source  of  heat,  then,  the  furnace  would  be  classed  as  a 
combination  smothered-arc,  granular  resistor  furnace.  While  some 
heat  is  radiated  directly  to  the  crucibles,  it  is  mainly  radiated  from 
the  arcs  and  from  the  resistor  to  the  roof,  from  which  it  is  reflected 
downward  by  the  arched  or  domed  roof.  The  central  part  of  the 
roof  directly  over  the  heating  element  will  receive  extremely  severe 
treatment,  as  is  recognized  by  the  inventor,  who  stipulates  that  car- 
borundum, zirconia,  or  similar  extremely  refractory  materials  should 
be  used  in  those  parts  of  the  furnace  receiving  direct  radiation.  In- 
stead of  using  a  sectional  roof,  with  openings  through  which  to 
withdraw  the  crucibles  by  direct  vertical  lifting,  openings  in  the 
sides  of  the  furnace  are  provided  for  taking  out  each  crucible  as  well 
as  for  charging  it.  This  detail  would  make  a  special  pair  of  tongs 
with  an  extension  arm  necessary  for  thrusting  the  tongs  into  the 
furnace  and  also  a  counterbalance  on  the  other  side  of  the  hoist 
hook,  so  that  the  crucibles  might  be  taken  out. 

From  the  point  of  view  of  thermal  efficiency  alone  this  design  is 
probably  one  of  the  best  that  has  been  suggested  for  an  electric  cru- 
cible lift-out  furnace.  Aside  from  the  danger  of  short  life  in  the 
roof,  the  main  questions,  which  could  be  answered  only  by  experi- 
ment, are  whether  the  crucibles  heated  primarily  from  one  side  by 
a  source  of  high  temperature  of  heat  will  show  a  reasonable  life  and 
whether  the  heating  from  the  top  would  not  give  rise  to  the  same 
trouble  from  top  heating  on  yellow  brass  that  was  encountered  in 

I  ■-■-■■■    i^^— —       pM»».-«iiii«  II  11  I  I  >.»■  in m  ■  i»^— ^1^1^— 

*>  Bennerfelt,  I.,  17.  S.  Patent  1,313,834,  Aug.  19,  1019 ;  applicatton  filed  May  12,  1019. 
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the  Bureau  of  Mines  experiments  on  the  Hoskins  type  furnace  5 
in  using  a  tall,  cylindrical  crucible  more  strongly  heated  at  the  top 
than  at  the  bottom. 

If  such  difficulty  is  encountered  in  the  design  shown  in  the  Renner- 
felt  patent,  it  might  be  reduced  by  raising  the  crucibles  higher  in 
the  furnace,  obtaining  thus  more  direct  heating  on  the  sides  of  the 
crucibles. 

If  any  alloys  are  found  which  it  is  metallurgically  impossible  to 
handle  in  an  electric  hearth-type  furnace  and  if  an  electric  crucible 
lift-out  furnace  is  to  be  tried,  the  Rennerfelt  idea — ^worked  out  with 
care  in  lining  the  furnace  with  the  most  refractory  materials,  in 
avoidance  of  excessive  top  heating,  and  in  convenience  in  remov- 
ing the  crucibles — seems  one  of  the  most  promising  yet  presented. 
The  scheme  has  been  worked  out  on  a  hearth-type  furnace  and  will 
be  referred  to  again  under  that  heading. 

aEKEBAIi  ELECTRIC  CO.  CBXTCIBIiE  FOBKACE. 

The  General  Electric  Co.  has  recently  developed  a  small  single- 
phase,  60-pound,  40-kw.  crucible  lift-out  furnace  in  which  heat  is 
developed  by  the  principle  of  contact  resistance,  which  will  be  de- 
scribed in  connection  with  the  General  Electric  hearth-type  brass 
melting  furnaces.  This  is  designed  for  use  in  metallurgical  labora- 
tories by  manufacturing  jewelers  or  by  manufacturing  concerns  so 
situated  that  they  can  not  use  fuel-fired  furnaces,  as  in  a  loft  build- 
ing of  a  large  city.  In  other  words,  it  is  designed  for  users  who  melt 
relatively  small  amounts  of  nonferrous  metals  under  such  condi- 
tions that  a  high-power  consumption  is  immaterial.  The  furnace  is 
not  claimed  to  be  efficient,  as  its  rate  of  melting  copper*  (heated  to 
1,300°  C.)  on  24-hour  operation,  with  the  furnace  fully  heated  up, 
is  given  as  700  to  800  kw.  h.  per  ton.^*« 

FFBETZSCHITEB  FUBNACE. 

A  furnace  of  which  nothing  is  known  beyond  the  patent  specifi- 
cation is  described  by  Pfretzschner."  A  crucible  rests  on  one  elec- 
trode, and  another  electrode,  coated  with  electrically  insulating  ma- 
terial for  melting  materials  that  are  conductors,  is  located  inside 
the  crucible  and  by  a  screw  device  exerts  variable  pressure  on  the 
bottom  of  the  crucible.  The  bottom  of  the  crucible,  and  to  a  certain 
extent  the  upper  electrode,  are  supposed  to  act  as  resistors.  Thus 
the  crucible  is  heated  from  the  bottom.  After  the  charge  is  melted 
the  upper  electrode  is  raised  and  the  crucible  lifted  out.  It  does  not 
seem  possible  to  operate  such  a  furnace,  as  the  amperage  required 


Anonymoag,  MafBed-are  electric  fbmace  for  nonferrous  metala:  Iron  Age,  toI.  107, 
1921,  pp.  985-1047. 
w  Pfretzscbner  A  Co.,  German  Patent  244,171,  clasa  21h,  group  7,  Mar,  1,  1912. 
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would  be  enormous,  the  voltage  infinitesimal,  and  the  chances  very 
small  of  generating  sufficient  heat  in  the  bottom  to  do  any  melting 
without  ruining  the  crucible. 

METAL  LOSSES  DT  FITEL-FIBED  PSACTICE. 

It  is  quite  impossible  to  make  any  accurate  generalizations  as  to 
metal  losses  in  fuel-fired  practice.    Figure  6  shows  the  data  received 
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on  this  point  in  the  preparation  of  Bulletin  73.  The  amount  of  fine 
material  in  the  charge,  the  amount  of  nonmetallic  material  present, 
the  rate  at  which  products  of  combustion  pass  over  the  metal,  the 
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area  of  metal  surface  exposed,  the  atmosphere  in  the  furnace  (reduc- 
ing, neutral,  or  oxidizing),  the  time  the  metal  is  in  the  furnace, 
whether  or  not  charcoal  and  fluxes  are  used,  and  the  care  taken  in 
the  operation  of  the  furnace,  as  well  as  the  composition  of  the  alloy 
and  the  type  of  furnace,  are  all  variables. 

Nevertheless,  to  draw  tentative  conclusions,  it  might  be  said  that 
from  the  evidence  collected  on  fuel-fired  practice  the  net  metal  losses 
on  different  alloys  would  average  fairly  close  to  those  in  Table  18, 
provided  (1)  that  the  type  of  fi^l-fired  furnace  best  adapted  to  give 
low  metal  losses  were  used  for  each  alloy ;  (2)  that  each  furnace  were 
well  operated;  and  (3)  that  suitable  allowance  were  made  for  the 
nonmetallic  part  of  the  charge  and  for  recovery  of  metal  from  ashes, 
spillings,  and  skimmingsJ^ 

Table  18. — Metal  losses  in  fuel-fired  furnaces. 


Composition  of  alloy, 
percent. 

Net 

metallic 

loss  on 

new 

metal  or 

ingot. 

Net 
metallic 
loss  on 

all 
borings. 

Cu. 

Zn. 

Sn. 

Pb. 

88 

85   . 

80 

75 

65 

66 

60 

2 
5 
10 
16 
32 
84 
40 

10 
6 
5 
3 

6 
6 

3 

Percent. 
1.0 
2.0 
2.25 
2.76 

03.5 

»2.5 
4.0 

• 

Percent. 
1.5 
2.5 
8.0 
4.0 
5.0 

10.0 

a  Foundry  practice.       *  Rolling-miU  practice. 

Many  plants  may  show  poorer  figures ;  a  few  may  show  better,  but 
most  managers  are  content  if  their  average  is  as  good  as  the  data 
above. 

The  task  set  for  the  electric  furnace,  then,  is  to  improve  these 
figures.  Data  to  show  that  the  task  has  been  accomplished  will  follow 
throughout  this  report. 

ICETAL  LOSSES  IN  BXTBJBAtJ  OF  MIKES  EXPEBIMENT8  WITH 

CBUCIBLE  UFT-OXJT  FUBNACES. 

The  foundry  test  on  the  Hoskins  furnace  previously  cited  empha- 
sizes the  importance  of  the  reduction  of  metal  losses  in  melting,  as  it 
was  only  the  reduction  of  these  losses  that  decreased  the  cost  of  melt- 
ing to  a  point  where  there  was  any  possibility  of  competing  with 
fuel-fired  furnaces.  These  losses  on  both  the  foundry  and  factory 
tests  of  the  No.  70  Hoskins  furnace  were  far  lower  than  in  fuel-fired 
practice.    During  the  Bureau  of  Mines  tests  of  the  smaller  Hoskins 

type  of  furnaces  figures  of  metal  loss  were  regularly  obtained    Only 

■      -  ■     ■  ,    ■■■,-,..  ■     ■  , .  ■  I  -  ■  .     .         Ill  ■ . .    I  .  .    ■ 

^  See  also  Collins,  E.  F.,  Melting  some  nonferrous  metals  and  their  alloys  In  the  elec- 
tric furnace :  Table  10,  Chem.  and  Met.  £ng.,  vol.  21,  1619,  p.  679 ;  Metal-loss  figures  In 
the  brass  foundry:  Met.  Ind.  (London),  vol.  16,  1019,  p.  481. 
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a  few  of  these  figures  are  summarized  here,  as  they  merely  corrobo- 
rate the  finding  of  low  losses  on  the  larger  furnaces,  and  they  did  not 
differ  in  various  sizes  or  forms  of  the  crucible  lift-out  furnaces.  In 
the  tests  of  metal  loss  made  by  the  Bureau  of  Mines  the  metal  was 
poured  into  ingots.  When  oily  borings  were  used,  the  amount  of  oil 
was  determined  and  its  weight  deducted  from  the  total  weight  of 
the  charge. 

Table  19. — Metal  JoMet  in  electric  cruoible  lift-out  furnaces. 
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All  these  data  compare  very  favorably  with  the  figures  assumed 
for  fuel-fired  practice  and  show  that  the  higher  the  alloy  is  in  zinc 
the  greater  the  reduction  in  metal  losses.  This  increase  is  to  be  ex- 
pected, since  the  metal  loss  on  alloys  high  in  zinc  is  mainly  due  to 
volatilization  of  zinc  rather  than  to  oxidation.  In  fuel-fired  fur- 
naces there  is  always  a  flow  of  products  of  combustion  over  the  metal 
which  continually  carries  off  zinc  vapor,  whereas  in  the  electric  fur- 
nace there  is  no  flow  of  products  of  combustion  and  the  furnace  can 
be  kept  ti^tly  closed. 

In  fact,  even  if  the  electric  crucible  lift-out  furnace  is  not  tightly 
closed  at  tbe  top,  as  long  as  there  is  no  opening  in  the  bottom  or 
sides  of  the  furnace  through  which  air  can  enter  to  canse  a  draft 
there  is  no  appreciable  escape  of  zino  vapor,  as  it  is  heavier  than  air 
and  lies  staf^umt  in  the  fumaoa  until  the  cover  is  removed  and  air 
currents  displace  it.  The  metal  can  be  so  hot  that  it  releases  coinous 
zinc  fumes  when  the  crucible  is  removed,  and  yet  only  the  slightest 
escape  of  zinc  fumes,  or  none  at  all,  can  be  seen  at  small  openings  in 
the  cover  of  the  furnace. 
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tuting  electbic  ceucible  nrENACEs. 

Besides  the  lift-out  furnaces  described  above  various  tilting  cru- 
cible furnaces,  electrically  heated,  have  been  suggested  or  tried. 

STANSFIELD  FTJBKACE. 

Stansfield^*  shows  sketches  of  crucible  tilting  furnaces  for  labo* 
ratory  use  in  which  a  crucible,  a  relative  nonconductor  of  electricity, 
is  embedded  in  a  granular  resistor.  In  the  earlier  edition  of  his 
book  he  suggests  that  such  a  furnace  could  be  made  larger  than  the 
laboratory  furnaces  and  could  be  used  for  brass  or  steel  melting. 
The  suggestion  is  omitted  from  the  later  edition. 

EXPESIHENTAL  B AILY  AND  OTHEB  FTJBNACES,  WITH  GBANULAB 

RESISTOK  ABOUT  CBUCIBLE. 

It  is  not  surprising  that  many  experiments  have  been  made  on  the 
use  of  crucibles  embedded  in  a  granular  furnace  which  tilts  to  pour. 
When  electric  power  is  available  for  electric  furnaces,  the  simplest 
method  of  making  in  the  laboratory  a  small  experimental  heat  of 
any  ordinary  material  is  to  embed  a  crucible  in  a  granular  resistor, 
heat  it,  remove  the  crucible,  and  pour  out  the  metal.  Many  such 
resistance  furnaces  for  laboratories  have  been  described,^^  and  a 
German  furnace  of  this  type  (the  "Kryptol")  has  been  sold  in 
laboratory  sizes. 

As  the  resistor  is  disarranged  by  removing  the  crucible,  it  is  ob- 
vious that  the  furnace  should  be  tilted  to  discharge  the  contents  of 
the  crucible.  The  Bureau  of  Mines,  in  1912,  tried  out  some  small 
tilting  furnaces  of  this  type.  One  furnace  taking  a  No.  80  crucible 
started  with  a  cold  furnace  and  melted  50  pounds  of  copper  in  one 
hour,  using  23  kw.  h.  A  second  50  pounds  was  then  melted  in  35 
minutes,  using  14  kw.  h.  The  copper  was  poured  at  1,250°  C  This 
fair-degree  efficiency  in  so  small  a  furnace,  compared  to  the  behavior 
of  the  first  two  .heats  on  a  No.  20  crucible  lift-out  furnace,  which 
would  take  twice  as  long  and  use  four  times  the  power,  shows  the 

■  I  ■  ■..!  ■ I  ■  Mill  JM^^M^i^M 

»  Stansfleld,  A.,  The  electric  furnace  1907,  p.  22 ;  1914,  pp.  26,  167. 

« Compare  Watts,  O.  P.,  An  electric  furnace  for  heating  crucibles :  Electrochem.  and 
Met.  Ind.,  toI.  4,  1906,  p.  273;  Tucker,  8.  A.,  A  granular  carbon-resistanoe  furnaee: 
Trans.  Am.  Electrochem.  See,  1907,  toI.  11,  p.  807;  Goodwin,  J.  H..  Granular  carbon- 
reslHtance  furnace:  Met.  and  Chem.  Bug.,  vol.  9,  1911,  p.  188;  Calhane,  D.  F.,  A  con- 
venient furnace :  Met  and  Chera.  Eng.,  vol.  8,  1910,  p.  581 ;  Calhane,  D.  F.,  and  Bard. 
E.  E.,  An  efficient  electric  furnace :  Met.  and  Chem.  Eng.»  vol.  10,  1912,  p.  461 ;  Lohr, 
J.  M.,  Tensile  streugth  of  copper-zinc  alloys :  Jour.  Phys.  Chem.,  vol.  17,  1913,  p.  5 ; 
Jeffries,  2.,  Notes  on  the  gran-annular  electric  furnace:  Met.  atid  Chem.  Eng.,  vol.  12, 
1914,  p.  154 ;  Mitchell,  W.,  U.  S.  Pattait  494,586,  Apr.  4.  1893 ;  Potter,  IL  M^  U.  S.  Patent 
875,284,  Dee.  31,  1907 ;  E\aton,  C.  H.,  and  Coursen,  W.  A,.  U.  S.  Patent  1,048,144,  Dec, 
24,  1912. 
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advantage  of  generating  heat  close  to  the  material  to  be  melted.    In 
another  smaller  furnace  the  following  results  were  obtained : 

Table  20. — Results  on  small  granular-resistor  crucible  tilting  furnace. 


Heat  No. 

Time. 

Charge. 

Material. 

Pouring 

tempera- 
ture. 

Kw.h. 

used. 

1 

1    10 
40 
25 
20 

Powidt. 
25 
25 

25 

28 

Red  brass. 
...do...... 

. .  .do. 

Copper.... 

•c. 

1,225 
1,220 
1,225 
1,150 

43 

2 

30 

8 

23 

4 

131 

Total 

2    36 

103 

01,300 

xm 

•  Average  pouring  temperature. 

After  two  hours  of  running,  hot  spots  developed  in  the  resistor,  or 
the  crucible  failed,  or  some  other  mechanical  difficulty  arose.  Unless 
the  crucible  is  lined  or  covered  with  some  nonconductor  of  electricity 
current  is  carried  by  the  crucible  and  its  contents.  With  a  loosely 
packed  charge  not  much  current  could  be  carried  by  the  metal  in 
the  crucible,  so  that  the  current  in  the  furnace,  even  with  a  conducting 
crucible,  might  not  be  excessive,  but  when  the  metal  was  melted,  unless 
the  nonconducting  layer  was  perfect,  the  current  was  short-circuited 
through  the  center  of  the  furnace  by  the  charge  itself.  The  main 
heating  was  done  between  crucible  and  electrodes  rather  than  in  the 
body  of  the  resistor,  an  arrangement  which  soon  caused  hot  spots 
to  develop,  with  resultant  burning  out  of  the  crucible-  When  a  cruci- 
ble breaks  in  such  a  furnace,  it  has  to  be  cooled,  torn  down,  and  refilled 
with  resistor. 

Very  small  tilting  brass  furnaces  of  this  type,  holding  6  or  10 
pounds  of  metal  and  using  a  crucible  lined  with  alundum  cement, 
have  been  used  by  the  Bureau  of  Mines,  and  found  useful  in  such 
laboratory  work  as  the  calibration  of  pyrometers  for  use  in  molten 
brass  and  copper  up  to  1,476^  C. 

As  the  size  increases  the  difficulty  of  maintenance  increases  dispro- 
portionately, and  in  anything  like  commercial  sizes,  run  at  the  neces- 
sary temperatures  for  brass  melting,  this  type  becomes  impractical. 

Various  experiments  have  been  made  on  furnaces  of  this  type.  A 
Baily  tilting  furnace  '^  to  hold  some  400  pounds  of  brass  was  tried 
out  on  a  laboratory  scale  and  was  advertised  ••  for  melting  brass  and 
aluminum. 

It  was  reported  that  the  National  Carbon  Co.  carried  on  some  ex- 
periments on  a  brass  furnace  of  this  type,  in  the  hope  of  extending 
the  market  for  resistor  carbon.    It  was  also  reported  in  1913  that  the 

*>  Data  from  conTersation  of  Apr.  28,  1013,  with  B.  P.  Blcknell,  Electric  Furnace  Co. 
of  America. 

»  AdvertlBement.  front  cover,  July,  101 S,  Issue  Electrochem.  and  Met.  Bng. 
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General  Electric  Co.  were  testing  or  had  designed  a  furnace  of  this 
general  type  in  which  the  crucible  was  heated  from  the  bottom,  rest- 
ing on  a  bed  of  granular  resistor.  It  is  not  known  whether  this  design 
was  intended  as  a  tilting  or  a  lift-out  furnace.  In  1913  also  C.  E. 
Bonine  attempted  to  develop  a  tilting  crucible  steel  furnace  for  the 
Hess  Steel  Castings  Co.,  in  which  a  crucible  lined  with  insulating  ma- 
terial was  embedded  in  a  granular  resistor  which  used  three-phase 
current.  The  other  furnaces  of  this  type  that  were  tried  were  prob- 
ably all  single  phase.  The  Bonine  furnace  was  to  be  applied  to  brass 
as  well  as  to  steel  if  successful. 

Of  all  these  granular-resistor  tilting  furnaces  only  the  Baily  ever 
reached  the  point  where  it  was  considered  a  real  possibility  for  brass 
melting,  and  the  Baily,  in  this  form,  never  received  commercial  test. 
The  work  of  the  Electric  Furnace  Co.  on  this  form  of  the  Baily  fur- 
nace gave  experience  which  finally  bore  fruit  in  the  present  com- 
mercial form  of  the  Baily  furnace,  which  is  like  the  original  only 
in  using  a  granular  resistor  and  in  being  a  tilting  brass  furnace. 

Nonuniform  heating  of  the  resistor,  disarrangement  of  the  resistor 
when  the  furnace  is  tilted,  necessity  for  low  voltage,  high  amperage 
current,  poor  crucible  life,  and  inability  to  maintain  an  electrically 
insulating  coating  on  the  crucible  all  make  it  probable  that  without 
new  refractory  materials  for  crucibles  and  for  insulating  coatings  of 
different  properties  than  those  now  available  the  crucible  furnace 
with  the  crucible  in  direct  contact  with  a  granular  resistor  will  prove 
impractical  in  commercial  sizes  and  will  only  be  useful  in  very  small 
sizes  for  laboratory  use. 

FOXnroBY  TEST  OF  BAILY  TILTIXTG  CBUCIBLE  FURNACE  WITH 

aBANTTZ«Aa  BESISTOB  BELOW  GBTJCIBLE. 

In  September,  1914,  a  Baily  tilting  furnace  built  by  the  Electric 
Furnace  Co.  of  America  was  tested  at  the  plant  of  the  Detroit  Copper 
and  Brass  Rolling  Mills.  Through  the  courtesy  of  the  Detroit  Cop- 
per and  Brass  Rolling  Mills  a  representative  of  the  Bureau  of  Mines 
was  permitted  to  witness  the  test 

This  furnace  consisted  of  a  vertical  cylinder  lined  on  the  bottom 
and  sides  with  fire  brick  and  having  infusorial  earth  packed  between 
the  brick  lining  and  the  furnace  shell.  In  the  bottom  of  the  cylinder 
was  a  horseshoe-shaped  resistor  trough,  rammed  up  from  carborun- 
dum fire  sand  with  a  water-glass  binder,  8  inches  wide,  6  inches  high, 
inside,  with  2-inch  walls.  The  inner  side  of  the  trough  was  1  inch 
away  from  a  12-inch  diameter  fire-brick  pedestal  some  15  inches  tall,  on 
top  of  which  rested  a  shallow  dish-shaped  crucible  with  a  pouring 
lip.  The  crucible  was  wedged  against  the  furnace  walls  with  brick 
to  hold  it  in  place  when  the  furnace,  which  was  hung  on  trunnions, 
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was  tilted.  The  fire-brick  roof  was  dome  shaped,  coming  down 
within  a  few  inches  of  the  crucible  at  the  outside  of  the  furnace,  but 
leaving  space  for  piling  up  of  the  charge  in  the  center.  The  charg- 
ing hole  was  in  the  center  of  the  roof  and  closed  by  a  fire-brick  cover. 
The  pouring  spout  of  the  crucible  led  into  another  cut  in  the  furnace 
wall  at  front.  The  spout  was  plugged  with  a  fire  brick.  Below  this 
furnace  spout  was  another  hole  which  was  also  plugged,  through 
which  granular  resistor  (4-mesh  chip  graphite)  could  be  charged  into 
the  resistor  trough  as  it  burned  away.  A  third  hole  below  formed  a 
tap  hole  for  drawing  off  metal  should  a  crucible  break. 

Two  4  by  4  inch  carbon  electrodes,  carrying  flexible  leads  to  allow 
tilting,  entered  the  back  of  the  furnace  and  led  the  single-phase 
current  into  the  resistor  troughs.  The  100-kw.  transformer  had 
various  voltage  taps  from  80  to  40  volts  by  5-volt  steps,  through 
which,  by  a  switch,  the  voltage  and  hence  the  power  input  could  be 
regulated. 

The  crucible  was  made  of  regular  fire-clay-graphite  mixture,  had 
a  capacity  of  some  700  pounds  of  metal,  and  cost,  at  1914  prices, 
$21.50  each.  The  shallow,  flaring  form  of  the  crucible  was  designed 
to  catch  as  mucji  heat  as  possible  from  the  resistor  below  it  by  direct 
radiation  and  also  to  allow  pouring  the  metal  completely  without 
exceeding  the  angle  of  repose  of  the  granular  resistor  in  the  open 
trough  below. 

Power  was  thrown  onto  the  cold  furnace  at  7.15  a.  m.  At  11.26, 
when  210  kw.  h.  had  been  used,  a  pyrometer  above  the  empty  cru- 
cible read  1,160®  C.  A  charge  of  370  pounds  of  leaded  yellow  brass 
and  some  new  copper,  lead,  and  zinc,  but  mainly  scrap  brass^  was 
put  in  at  intervals,  the  last  (save  the  zinc)  being  charged  at  12.20 
p.  m.  The  zinc  was  added  at  12.40  p.  m.,  and  the  metal  poured,  at 
about  1,100°  C,  at  12.44  p.  m.,  the  heat  proper  having  used  112  kw.  h. 
The  furnace  could  not  be  tilted  far  enough  to  drain  all  the  metal 
from  the  furnace,  and  about  100  pounds  was  retained,  the  crucible 
having  sunk  below  its  original  position  on  account  of  the  softening 
and  flattening  of  the  fire-brick  pedestal.  No  appreciable  zinc  fuDie 
had  been  given  off  during  the  first  heat,  but  during  the  pouring  vast 
clouds  of  it  arose  through  the  wedges  from  the  open  space  between 
the  furnace  walls  and  the  crucible.  Metal  had  found  its  way  into 
the  resistor  trough.  It  was  supposed  that  this  metal  had  leaked 
down  between  the  crucible  spout  and  the  furnace  spout,  the  fire-clay 
luting  of  this  joint  having  been  broken  away  by  the  settling  of  tlie 
crucible  as  the  pedestal  flattened. 

A  second  370-pound  charge  was  started  at  12.54  p.  m.,  and  an  at- 
tempt at  pouring  it  made  at  1.45.  The  clouds  of  zinc  oxide  rolling  out 
of  the  furnace  during  this  heat  had  indicated  that  there  was  a  good 
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deal  of  metal  down  in  the  resistor,  and  the  current  had  to  be  shut 
off  at  1.25  p.  m.,  only  41  kw.  h.  haying  been  supplied  to  the  furnace 
on  the  second  heat,  the  melting  of  the  last  20  minutes  before  attempt- 
ing to  pour  being  done  by  stored  heat. 

Only  about  100  pounds  could  be  poured  from  the  crucible.  A  tap 
hole  in  the  bottom  of  the  furnace  designed  to  drain  off  metal  in  case 
of  crucible  breakage  was  opened,  and  some  100  pounds  drained  from 
the  furnace  bottom. 

On  raising  the  roof  and  examining  the  furnace  it  was  found  that 
the  fire-brick  pedestal  had  softened  and  flattened  and  the  crucible 
had  cracked  between  its  center,  which  had  of  course  sunk  down  with 
the  pedestal,  and  the  projecting  lip  held  in  the  furnace  spout.  Metal 
had  then  dripped  down  from  the  crack  into  the  resistor  below.  The 
rear  wedge  between  the  furnace  and  wall  had  been  torn  away  by 
the  dropping  of  the  crucible.  The  roof  brick  were  dripping  some- 
what. It  is  not  surprising  that  the  fire-brick  pedestal  softened.  The 
inner  circumference  of  the  resistor,  which  was  in  the  shape  of  a 
horseshoe,  was  only  about  2^  feet,  the  outer  circumference  about  4 
feet.  Naturally  the  current  takes  the  shorter  course  and  concentrates 
on  the  inside  of  the  resistor,  next  the  pedestal.  Since  the  electrical 
resistance  of  hot  graphite  is  lower  than  that  of  colder  graphite,  the 
inner  path  became  progressively  easier  for  the  current  to  follow,  and 
the  inner  part  of  the  resistor  necessarily  became  hotter  and  hotter. 
Fire  brick  would  not  stand  up  at  a  distance  of  1  inch  from  so  hot 
a  resistor. 

In  a  previous  test  another  fire-brick  pedestal  had  been  softened  in 
one  heat  and  the  crucible  slipped  down.  Had  a  pedestal  of  carbo- 
rundum been  used  the  furnace  would  probably  have  stood  up  long 
enough  to  show  the  efficiency  of  the  design  as  regards  power  con- 
sumption and  metal  losses. 

The  test  showed  the  trouble  that  would  occur  whenever  a  crucible 
so  held  above  the  resistor  might  break.  The  crucible  itself  would 
have  to  last  100  heats  at  the  crucible  prices  then  prevailing  in  order 
to  equal  the  crucible  cost  then  being  obtained  in  coke  fires ;  the  de- 
sign therefore  was  abandoned  and  the  Electric  Furnace  Co.  of 
America  turned  to  the  8-pot  crucible  lift-out  furnace,  which  had 
be«i  previously  described,  and  to  the  design  of  the  early  forms  of  the 
Baily  tilting  hearth-type  furnace. 

WEINTBAUB  FTT&NAOE. 

As  the  crucible  tilting  furnaces  of  the  granular-resistor  type  have 
been  shown  to  be  impractical,  it  remains  to  discuss  other  forms. 
Laboratory  furnaces  of  the  wire-wound  resistor  type  using  platinum 
or  nickel-chromium  resistors  and  commercial  furnaces  using  such 
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resistors,  as  the  General  Electric  furnace  for  heat  treatment  of  f org- 
ings  for  big  guns,^  if  supplied  a  constant-voltage  current,  draw  less 
and  less  current  as  the  resistor  heats  up,  and  utilize  less  power.  Most 
metals  become  poorer  conductors  of  electricity  as  they  become  heated. 
To  maintain  the  power  supply,  the  voltage  has  to  be  progressively 
raised.  Carbon  and  graphite,  on  the  other  hand,  become  better  con- 
ductors, as  they  heat  up;  at  a  constant- voltage  supply  they  draw 
progressively  more  current  and  power.  Either  type  of  resistor,  then, 
requires  some  system  of  voltage  control.  Metallic  silicon,  however, 
increases  in  resistance  with  increase  in  temperature,"^  while  graphite 
decreases  in  resistance.  By  using  a  combination  of  silicon  and 
graphite  as  a  resistor  it  should  be  possible  to  construct  a  furnace 
which  would  require  less  regulation  than  most  resistance  furnaces. 
Silicon  also  has  the  desirable  property  of  acquiring  a  thin  oxide  coat- 
ing in  air  at  high  temperature  and  thereafter  not  oxidizing  rapidly. 

Weintraub  ^^  designed  a  crucible  tilting  furnace  to  use  a  cage  or 
grid  of  silicon,  silicon-coated  tungsten  rods,  or  silicon-coated  graph- 
ite rods  as  resistors,  similar  to  the  carbon-rod  resistor  of  Greenwood 
and  Hutton,  previously  described.  A  tilting  crucible  brass  furnace 
using  this  resistor  and  holding  125  pounds  of  metal  was  constructed 
at  the  Lynn  works  of  the  General  Electric  Co.  and  was  reported  to 
show  an  acceptable  figure  as  to  power  consumption.  The  resistor 
was  said  to  be  capable  of  running  steadily  at  1,300^  C. 

Silicon-coated,  tungsten-cored  rods  were  not  practicable,  as  they 
became  brittle,  evidently  from  a  combination  of  the  tungsten  and 
silicon.  Plain  silicon  rods  were  tried  and  could  be  operated  by 
using  a  transformer  with  two  taps,  one  to  give  the  starting  voltage, 
the  other  the  operating  voltage. 

Graphite  rods  coated  with  silicon  were  made,  however,  and  the 
current  passing  through  the  graphite  heated  the  silicon,  starting 
from  the  cold ;  by  properly  proportioning  the  core  and  the  coating 
the  resistance  was  so  uniform  at  different  temperatures  that  only 
5  per  cent  external  resistance  or  5  per  cent  voltage  regulation  was 
required.  The  problem  of  making  electrical  connection  to  the 
silica-coated  surface  of  the  silicon  was  solved  (1)  by  making  the 
elements  of  the  resistor  in  U  or  hairpin  form,  thus  halving  the 
number  of  contacts;  (2)  by  inserting  the  end  of  th<e  in  a  nickel 
cap  filled  with  a  molten  alloy  of  90  per  cent  silicon  and  10  per  cent 
aluminum,  and  letting  the  alloy  solidify;  (3)  by  making  the  con- 


"  Soe  Johnson,  L.  F.,  How  the  power  house  aids  the  forge :  Iron  Trade  ReT.,  vol.  1919, 

p.  1221. 

••  See  Anonymous,  Silicon  for  resistor  material :  Elec.  World,  vol.  55,  1010.  p.  409. 

«8ee  Weintmnb,  B.,  U.  8.  Patcsits  1418,387,  Nor.  24,  1914;  and  1,134,788,  Apr.  6, 
1915. 
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nection  through  the  nickel.  The  resistor  does  not  change  in  the 
course  of  time,  and  in  small  sizes  its  elements,  though  rather  fragile, 
could  be  made  fairly  strong  and  tough  as  compared  to  the  usual 
brittleness  of  silicon^  Further  development  would  have  to  be  made, 
according  to  Dr.  Weintraub,**^  before  a  furnace  using  such  a  resistor 
could  become  a  commercial  success. 

Silicon,  unfortunately,  melts  at  about  1,420°  C. ;  even  1,400°  C.  is  a 
low  temperature  for  the  source  of  heat  when  a  material  is  to  be  heated 
by  radiation  from  the  resistor  to  1,250°  or  1,300°  C,  as  in  gun  metal 
or  red  brass  to  be  poured  into  very  light  castings.  As  Northrup*" 
points  out,  the  efficiency  of  a  resistor  running  at  1,300°  C.  is  zero  for 
melting  a  material  to  be  brought  to  1,300°  C;  other  things  being 
equal,  the  greater  the  difference  in  temperature  between  the  source  of 
heat  and  the  material  to  be  heated  the  greater  is  the  efficiency  to  be 
expected,  and,  conversely,  the  lower  the  difference  the  lower  the 
efficiency. 

In  crucible  resistor  furnaces  for  brass  in  general  the  interior  of 
carbon  resistors  probably  runs  at  much  nearer  2,000°  C.  than  1,300°  C. 
Besides  the  disadvantage  of  a  low  melting  point,  silicon  has  another — 
its  brittleness.  Casting  a  large  grid  in  one  piece  as  a  resistor  would 
probably  be  impracticable,  and  the  problem  of  making  stable  electri- 
cal connections  between  the  parts  of  a  built-up  grid  would  also  be  dif- 
ficult. The  grid  is  a  desirable  form  for  such  a  resistor,  as  it  offers 
great  radiating  surface,  and  hence  can  be  run  with  less  danger  of 
melting  the  inside  than  could  a  more  massive  form. 

The  silicon-coated  graphite  resistor  should  serve  for  use  in  a  fur- 
nace to  melt  aluminum,  possibly  yellow  brass,  and  other  lower  melting 
alloys,  but  its  limitations  as  to  temperature  and  its  fragility  make  it 
of  little  promise  for  general  use  in  brass  furnaces.  No  other  develop- 
ment of  this  idea  is  known. 

CBVCIBLE  TILTING  FTJKZrACES  WITH  SOLID  OB  UOLDED  BE- 

SISTOBS. 

FOimDBT  TEST  OF  HELBEBaEB  FUBNAGE. 

One  of  the  early  trials  of  an  electric  furnace  in  a  brass  foundry 
was  that  of  the  Helberger  at  the  works  of  the  National  Ca^  Register 
Co.,  at  Dayton,  Ohio,  in  January  and  February,  1914.  Through  the 
kindness  of  this  firm  a  representative  of  the  bureau  attended  the 

»•  WMntniub,  B.,  Pergonal  commanicatlon,  Jan.  12,  1920. 

■•Northrop,  E.  P.,  Production  of  high  temperature  and  Its  measurement:  Met.  Chem. 
Eng.,  vol.  17,  1017,  p.  685. 
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earlier  part  of  the  test.  The  Helberger  furnace,*'  which  Japiag  &Dd 
Krause  **  say  has  been  in  uae  in  German  brass  foundries,  is  a  furnace 
with  a  tall,  cylindricat,  carbon  resistor,  held  by  pressure  between  a 
lower  carbon  plate  and  an  apper  carbon  ring,  serving  as  electrodes, 
and  surrounded  by  refractory  walls. 

A  tall,  narrow  crucible  made  of  material  of  fairly  low  electrical 
conductivity,  but  resembling  the  ordinary  crucible  material,  slips 
anugly  inside  the  carbon  resistor.  A  pouring  spout  made  of  per- 
forated sheet  iron  ooated 
with  crucible  material  fits 
inside  the  upper  electable 
and  joins  onto  the  crucible, 
the  joint  b^ng  luted  up.  A 
heavy  current  is  passed 
through  the  caHbon  resistor 
at  a  low  voltage — between 
4,000  and  8,000  amperes  at 
frt»n  ^  to  Hi  volts.  To 
avoid  losses  of  lead  in 
carrying  so  heavy  a  current, 
the  440-volt,  100-kw.  vari- 
able-voltage transforms  is 
made  an  integral  part  of 
the  fomace,  and  no  flexible 
secondary  leads  are  pro- 
vided, but  very  large  la- 
minated copper  contacts  or 
brushes  under  pressure  al- 
low breaking  the  circuit 
when  the  furnace  is  tilted. 
The  furnace  tilts  about  the 

lip. 

The  pressure  between  the 
electrodes  is  regulated  by  a 
handwheel,  which  actuates  Uiree  screws,  each  one  of  which  can  also 
be  independently  regulated  to  obtain  uniform  pressure  around  the 
circumference. 

"Sao  Helberger,  B.,  TJ.  B,  PatentB  B58,3IJ7,  Apr.  14,  18S6;  TSMCO,  S^it  6,  1904; 
9aZ.9Sa.  Aug.  31.  190B;  and  1,023,309,  Feb.  20,  1012;  AaaDT&iaiia.  Tbe  nclbertrr  furnace; 
Metal  Idd..  vol.  9.  1911,  p.  212;  Anonrmous.  Electric  IranHformer  crucible  furnace;  Met. 
Cbem.  Eds.,  rol.  10,  1912,  p.  eol ;  Helbeiger,  H.,  Qerman  rkteots  2S8,918  at  Jaa.  14, 
IfiOS.  data  21h,  btodp  11  ;  238,480  of  Dec.  9.  1910 ;  24fl.0SS  of  Sept.  2,  1010 ;  Anommoua, 
Bran  World,  vol.  T,  1911,  p.  79;  AuonTinona,  Metal  Ind.,  vol.  0,  ISll,  p.  212;  Harden. 
J.,  The  ParagOD  electric  furnace  and  recent  developmenta  Id  metaJInrBr :  Trans.  Faradaj 
Soc.,  vol.  T,  1912.  p.  ISB;  TDQ  Sehiran.  U.,  Int  Zelt  Metallog.,  vol  S,  1912,  p.  »8i 
Perkins.  F.  C,  German  crudble  electric  furnace ;  Cliem.  Kng.,  vol,  18,  1918,  p,  »7. 

■JapliiS,  E„  and  Krauw^  a.,  Kupfer  und  McaBlii(:  1912,  p.  08, 


FiouHB  7,— IMagram  of  Helbet^r  turiuici>;  o, 
electrodes;  b,  rctdBtor;  o,  crudble;  d,  poor- 
Ins  apout ;  «,  cast-irou  ring ;  f,  water  chamber 
for  cooling;  o,  wedge,  gr^hlte  or  cast  Iron ; 
h,  groDular  maguexlte;  i,  flre-cla;  criiitder; 
i,  aabeatofl  rope ;  *,  brace. 


POURING  METAL  FROM  MELBERGER  FURNACE. 
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The  furnace  appears  to  hare  been  used  in  Germany  in  very  small 
sizes  for  such  purposes  as  jewelers'  use.  The  makers  of  this  furnace, 
the  German  Allegemeine  Electricitats  Gesellschaft,  advertised  it  in 
a  100-kg.  (220-paund)  capacity.  The  National  Cash  Register  Co. 
ordered  one  in  August,  1912,  and  when  it  was  received  a  year  and 
a  half  later  no  tilting  device  was  supplied  with  it.  A  counterbalanced 
tilting  device  was  designed  and  installed  by  the  National  Cash  Eeg- 
ister  Co.  The  furnace  and  transformer  together  weighed  9,000 
pounds,  though  its  capacity  was  but  about  200  pounds,  and  cost  $6,000 
without  the  tilting  device. 

It  is  very  likely  that  the  funmce,  though  listed  in  this  size,  had 
not  hitherto  been  made  in  as  large  a  size  and  was  built  to  fiU  the 
order  of  the  National  Cash  Register  Co.  The  furnace  is  illustrated 
in  figure  7  and  Plates  IV  and  V.  The  test  at  the  National  Cash 
Register  Co.  has  been  fully  described  by  Dorsey,®* 

The  first  German  crucible  failed  after  six  heats ;  the  crucible  was 
perforated  and  the  metal  ran  down  between  crucible  and  resistor. 
The  next  crucible  lasted  21  heats,  during  which  the  following  fig- 
ures were  obtained  on  red  brass;  the  furnace, *^aving  been  operated 
imtil  quitting  time  the  previous  day,  was  warm  on  the  morning  of 
the  test. 

Table  21. — Test  of  Helherger  furnace  on  Feb,  i,  1914. 


Heat  No. 


15 

16 

17 

18 

19 

20 

31 

22 

23 

24 

Total 


Time. 


H.  m. 
2  23 
49 
40 
30 
32 
30 
42 
34 
31 
36 


7    47 


Amomt 
of  metal. 


Povmds. 
150 
150 
150 
160 
150 
180 
165 
150 
150 
160 


1,545 


Temper- 
ature. 


•C. 
1,200 
1,270 
1,200 
1,200 
1,200 
1,270 
1,200 
1,270 
1,200 
1,200 


Kw.  h. 


120 
56 
51 
39 
50 
42 
40 
55 
50 
48 


560 


Kw.h. 

per  100 
pounds, 
average. 


35.6 


After  four  more  heats  the  crucible  failed,  and  the  resistor  and 
upper  electrode  also  had  to  be  replaced. 

A  new  crucible,  new  resistor,  and  new  top  plate,  all  from  the 
makers,  were  installed  and  18  successive  heats  were  made,  the  furnace 
having  been  brought  up  to  running  temperature  by  heating  it  empty 
on  the  afternoon  of  February  22,  1914. 

*  Doraey,  H.  G.,  l^sts  on  electric  famaces   for  brass   foundries :   Trans.   Am.   Inst. 
HetelB,  Tol.  8,  1014,  p.  246. 

68728"*— 22 7 
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Table  22. — Further  testa  of  Helberger  furnace  on  February  23  and  2^  19^, 


Heat  No. 


32. 
38. 
34. 
36. 
86. 
87. 
38. 
89. 
40. 


Total. 


Time. 


ff. 


m. 
39 
40 
32 
41 
30 
33 
44 
22 
20 


Amoont 
of  metal. 


41. 
42. 
43. 
44. 

45. 

46. 
47. 
48. 
49. 


Total. 


34 
40 
32 
30 
31 
10 
37 
32 
30 


PoundM. 
IfiO 
150 
150 
150 
150 
150 
175 
150 
150 


Temper- 
ature. 


•C. 
1,175 
1,200 
1,176 
1,176 
1,200 
1  176 
1,176 
1,240 
1,200 


1,375 


150 
150 
155 
150 
150 
150 
170 
170 
156 


7    36 


1,401 


Ew.lL. 


130 
67 
66 
60 
46 
44 
80 
51 
38 


Kw.lL 

per  100 

pounds, 

day 


1,175 
1,200 
1,175 
1,240 
1,175 
1,175 
1,240 
1,175 
1,200 


571 


175 
67 
62 
60 
33 
28 
72 
51 
45 


41.5 


503 


42.2 


After  these  18  heats  the  third  crucible  wore  out.  The  average  of 
the  three  all-day  runs  was  1,440  pounds  melted  in  7^  hours,  using 
571  kw.  h.,  or  800  kw.  h.  per  ton.  On  24-hour  operation  the  furnace 
would  melt  at  about  600  kw.  h.  per  ton.  The  average  life  on  three 
crucibles  was  15  heats.  As  no  more  German  crucibles  were  at  hand, 
attempts  were  made  to  ram  up  a  lining  to  the  resistor  of  carborun- 
dum fire  clay;  a  maximum  of  six  heats  wa^  thus  obtained.  The 
pouring  spout  was  flimsy,  became  badly  damaged  during  the  test, 
and  required  frequent  patching. 

There  was  no  convenient  way  to  close  the  top  of  the  furnace 
tightly  to  prevent  volatilization  and  oxidation,  so  a  layer  of  char- 
coal was  put  on  after  the  metal  had  melted.  The  crucible  was  so 
tall  and  narrow — 7  inches  in  diameter  by  25  inches  high  (not  in- 
cluding the  pouring  spout  or  hood) — ^that  it  would  hold  but  little 
bulky  scrap,  and  the  operator  had  to  stand  on  the  little  step  in  front 
of  the  crucible  and  feed  in  the  charge  continually. 

Only  one  determination  on  metal  lost  in  melting  was  made,  this 
being  on  one  of  the  earliest  heats.  Two  hundred  pounds  (76  per  cent 
gates,  25  per  cent  new  metal)  of  an  alloy  of  89  per  cent  copper,  3 
per  cent  zinc,  5  per  cent  tin,  and  3  per  cent  lead  was  charged  and 
199  pounds  of  ingot  was  poured,  a  metal  loss  of  0.50  per  cent. 

The  low  crucible  life  and  the  great  amount  of  attention  demanded 
from  the  operator  in  charging,  which  would  require  one  man  per 
furnace,  caused  the  furnace  to  be  discarded  by  the  National  Cash 
Register  Co.    When  a  crucible  failed  during  a  heat  and  metal  ran 
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down  between  crucible  and  resistor,  it  picked  up  metallic  silicon  and 
aluminum  reduced  (in  the  presence  of  another  metal  to  collect  the 
aluminum)  by  the  carbon  of  the  resistor  from  the  fire-clay  bond 
of  the  crucible.  If  any  of  this  metal  contaminated  with  silicon  and 
aluminum  poured  out  with  bulk  of  the  charge  or  diffused  back 
into  the  main  charge,  the  metal  was  ruined  for  the  purposes  of  the 
National  Cash  Register  Co. 

A  smaller  Helberger  furnace  was  tried  out  at  the  New  York  assay 
office  in  1913  for  melting  precious  metals,  but  gave  a  great  deal  of 
trouble  and  was  discarded. 

An  80-kw.  Helberger  was  tried  out  for  melting  steel  about  the 
same  time  by  the  Hess  Steel  Castings  Co.,  of  Bridgeton,  N.  J.,  and 
is  reported  to  have  given  much  trouble  and  to  have  been  discarded 
also.  All  in  all,  the  Helberger  furnace  was  complex  and  costly 
and  seems  to  be  quite  impracticable  for  use  under  American  foun- 
dry conditions. 

EIiECTBO-METALS  EXFEBIMENTAL  FtlBNACE. 

Electro-Metals,  Ltd.,  of  London,  England,  according  to  Boving,*^ 
experimented  with  a  brass  furnace  in  which  the  crucible,  made  to 
have  high  electrical  resistance,  is  used  as  the  resistor.  The  furnace 
gave  trouble,  especially  in  the  contacts  between  crucible  and  the 
upper  and  lower  electrodes,  so  that  no  real  success  was  achieved. 

MOBOAN  FTJBNAGK 

The  Morgan  Crucible  Co.,  of  Battersea,  London,  has  advertised 
"Morgan's  patent  electrically  heated  crucible,"  which  is  used  both 
as  resistor  and  metal  container.  This  is  designed  in  two  styles,*^  one 
very  much  like  the  Helberger,  with  a  crucible  held  between  water- 
cooled  upper  and  lower  electrodes,  which  serves  as  resistor  and  metal 
container  as  well,  being  coated  inside  with  an  electrically  noncon- 
ducting coating.  It  is  said  that  fine  adjustment  of  the  resistance  is 
obtained  by  varying  the  pressure  between  the  resistor  and  the 
terminals.  It  would  appear  to  be  a  very  dangerous  procedure  to 
lighten  this  pressure  enough  to  alter  the  resistance,  thus  obtaining 
a  contact  with  an  appreciable  drop  in  voltage  absorbing  power,  and 
causing  local  heating  at  the  contacts.  The  vertical  tilting  crucible 
tjrpe  is  designed  in  two  sizes,  one  to  hold  20  pounds  and  one  to  hold 
160  to  200  pounds  of  brass. 

'^  BovlxiK,  J.  O.,  Letter  of  July  3,  1918,  to  the  director  of  the  Bureau  of  Mines. 

"  Anonymous,  Electrlr:  furnace  derelopments  for  nonferrous  metals :  Metal  Ind. 
(London),  vol.  14,  1919,  p.  444;  Metal  Ind.  (N.  Y.),  yoI.  19,  191&,  p.  424;  Speira,  C.  W., 
BriUfOk  Patents,  24,626  of  1912,  162,246  of  Oct  7,  1919 ;  U.  S.  Patents  1,335,070,  Mar. 
30,  1920;  and  1,366,135,  Jan.  18,  1921;  Discussion:  Jou".  Inst.  Metals  (British),  vol. 
17»  1&17,  p.  277;  compare  Ton  Zeerleder,  A.,  U.  8.  Patent  1,867,442.  Compare  also 
Sondni,  C,  U.  S.  Patent  1,375,615,  Mar.  3,  1921. 
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A  drain  spout  in  the  bottom  of  the  refractory  inclosure  about  the 
resistor  crucible  acts  as  a  safety  outlet  in  failure  of  the  crucible. 
In  view  of  the  short  life  of  such  a  crucible,  indicated  by  the  Helberger 
test,  this  outlet  seems  a  necessary  provision. 

In  larger  sizes  the  furnace  has  a  shallow  trough  (fig.  8)  for  single- 
phase  current,  or  a  dish  for  three-phase  (fig.  9),  provided,  respec- 
tively, with  lugs  at  two  or  three  points,  by  which  pressure  contact 
is  made  with  the  water-cooled  terminals.  A  spout  is  molded  in  the 
trough  or  dish  for  pouring.  The  trough  or  dish  which  forms  the 
resistor  of  the  tilting  furnace  is  lined  with  an  electrically  non- 
conducting layer,  within  which  the  metal  rests.  The  Morgan  Cruci- 
ble Co.  advertised  to  supply  this  type  in  any  size  up  to  a  capacity  of 
1  ton  of  copper  or  brass.  It  is  claimed  that  on  the  second  heat  of  a  day 
800  pounds  of  65 :  35  brass  is  melted  in  two  hours  with  120  kw.  h.,  or 
at  the  rate  of  300  kw.  h.  per  ton,  and  that  in  regular  operation  (it  is 

not  specified  whether  on  a  9 
or  10  or  a  24  hour  basis)  the 
power  consumption  averages 
300  kw.  h.  per  ton.  It  is  said 
that  1,300°  C.  is  the  limit  to 
which  metal  can  be  safely 
heated  in  the  furnace. 

The  crucible  is  said  to  be 
completely  protected  from 
mechanical  damage  and  thus 
the  life  is  long,  but  no  figures 

FIOUBB    8.— Dotal  I    of   Morgan    furnace    desi^,    On   the   actual  life   are  giveil. 

Bingie  phase.  g^^j^  ^  resistor-crucible  fur- 

nace  would  be  thermally  efficient  wliile  the  resistor  lasted,  as  the 
heat  is  generated  so  close  to  the  metal.  The  resistor  would  take  a 
low  voltiage  and  a  high  amperage  and  would  involve  large  heat  losses 
in  the  water-cooled  terminals.  Its  reliability  would  depend  on  two 
factors — the  uniformity  of  the  molded  fire-clay  (or  similar  bond) 
graphite  resistor  and  tlie  impregnability  of  the  electrically  noncon- 
ducting lining. 

If  the  resistor  is  not  uniform,  so  that  local  heating  gets  started  at 
any  point,  a  hot  spot  will  surely  develop  and  failure  ensue  by  melting 
or  vaporizing  the  bond,  since  a  graphite  resistor  will  continue  to  heat 
up  progressively  in  any  spot  that  becomes  locally  overheated,  due  to 
the  fall  in  resistance  as  the  material  heats  up.  This  fall  in  resistance 
in  any  spot  offers  an  easier  path  to  the  current,  which  tends  to  con- 
centrate in  the  hot  spot,  heating  it  up  still  more,  and  the  vicious 
circle  goes  on  till  a  temperature  is  reached  at  which  the  material  f  aila 

Impregnability  of  the  electrically  nonconducting  lining  is  close  to 
impossible  to  attain  with  material  now  available.    If  the  current  in 
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the  single-phase  trough  shown  in  figure  8  fails  to  pass  through  the 
walls  of  the  trough  about  the  cavity  for  holding  metal  and  by 
reason  of  a  crack  in  the  insulating  lining  at  both  ends  follows 
the  path  of  lowest  resistance  through  the  molten  metal  in  the 
trough,  the  voltage  drop  through  the  metal  would  be  small  com- 
pared to  the  total,  and  practi- 
cally all  of  the  resistance  would 
be  at  the  ends  a  and  b.  When 
this  occurs,  tmless  the  rise  in 
amperage  is  at  once  noted,  the 
charge  poured  immediately  (if 
it  is  hot  enough  to  pour),  the 
furnace  cooled,  and  the  insulat- 
ing lining  patched  or  replaced, 
practically  all  the  power  will  be 
absorbed  in  the  ends  a  and  h  and 
the  temperature  must  rise  till  the 
ends  of  the  resistor  fail.  If  the 
increase  in  current  on  failure  of 
the  insulating  lining  is  pre- 
vented by  fuses  at  circuit  break- 
ers, so  that  there  is  no  further 
heating,  it  is  lUiely  that  the 
charge  may  be  too  cold  to  pour 
and  must  be  left  to  freeze  in 
place,  with  every  chance  of  its 
r^noval  mining  the  resist(»'. 

There  are  few  materials,  even 
though  good  electrical  insulators 
at  low  temperatures,  which  do 
not  become  more  or  less  conduct- 
ing at  1,000"  to  1,300°  C,  the 
temperatures  of  a  brass  furnace. 
One  of  the  best  high  temperature 
insulators  for  electricity  is  alu- 
mina, and  alundum  cement  is  the 
best  material  for  use  as  the  in- 
sulating coatli^. 

This  coating  would  have  to  be  thick  enough  that  its  resistance  is 
much  higher  than  that  of  the  resistor  trough,  or  the  current  would 
divide,  part  passing  through  the  resistor  and  part,  from  a  through 
the  coating  into  the  molten  metal,  out  through  the  coating  at  the 
other  end,  into  h. 

If  even  two  small  cracks  should  allow  the  metal  to  reach  the  resis- 
tor, short-circuiting  would  begin.    When  it  is  considered  that  the 
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coefficients  of  espansioQ  of  the  coating  and  of  the  resistor  may  not 
be  and  probably  are  not  the  same,  it  is  obvious  that  thermal  expan- 
^on  would  itself  tend  to  crack  the  coating.  Added  to  this  danger 
is  that  of  cracking  the  coating  when  a  heavy  ingot  is  dropped  acci- 
dentally iato  the  trough. 

If  this  type  has  been  developed  to  the  extent  that  the  resistor  and 
coating  in  an  800-pound  or  a  1-ton  furnace  show  a  life  long  enough 
to  make  the  type  of  any  commercial  value,  unusual  judgment  must 
have  been  exercised  in  the  selection  of  materials,  and  supremely 
skillful  workmanship  must  have  been  used  in  molding  the  i-esistor 


FiulBE  10.— CODle;  crudble  tllUng  lurnace, 

and  in  applying  the  coating.  No  final  conclusions  on  this  type 
can  be  drawn  until  it  has  been  operated  under  foundry  conditions. 
Although  the  furnace  was  advertised  as  ready  for  use  a  couple  of 
years  ago  on  foundry  test  has  yet  been  recorded,  and  the  advertise- 
ments have  not  appeared  in  late  issues  of  the  periodicals  formerly  ' 
carrying  them. 

COmST  FTTBNACZ. 

The  Conley"^  furnace  is  another  resistor  furnace  (see  fig.  10)  in 
which  the  metal  is  contained  in  a  crucible  integral  with  the  resistor. 
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and  a  lining  of  electrically  nonconducting  material  is  provided.  The 
furnace  is  arranged  to  tilt  for  pouring.  Experiments  are  said  to  have 
been  made  as  early  as  1897.*'  In  1910  this  furnace  was  tested  at  the 
Electrical  Testing  Laboratories,  New  York,  and  was  demonstrated 
to  representatives  from  rolling  mills  and  foundries.  The  f oundrymen 
did  not  consider  it  suitable  for  practical  foundry  use. 

Some  figures  on  the  1910  tests  were  submitted  by  Florence  and 
Hampton,  who  control  the  Conley  patents.  Accordhig  to  these  fig- 
ures the  furnace,  which  had  a  capacity  of  50  to  70  pounds,  ran  at 
14  to  22  volts,  taking  300  to  400  amperes  when  started  cold  and  1,200 
to  1,300  amperes  when  fully  hot.  The  data  are  summarized  in  Table 
23. 

Table  23. — 1910  tests  on  experimental  Conley  furnace. 


Heat  No. 

Probable 

state  of 

fomaceat 

start. 

Amomrt 
ohargfld. 

Ttme. 

Kw.  h. 
naedi 

Thne 
per  100 
poanda. 

Kw.h. 
perlOO 
poondB. 

S>.ll, 
per  ton. 

1 

Cold 

Hot 

Cdd 

Hot 

Cold 

Hot 

•  «.dO-  •  •  • «. 

Pounit. 
50 
50 

70 
55 
73 

020 
45 
53 
51 
50 
52 

100 
35 

55 
33 
75 
39 
70 
55 
56 
25 
50 
63 
30 
90 
60 
70 
40 

17.41 
8.65 
30.82 
15.62 
X.44 
17.67 
17.41 
4.81 
19.13 

S. 

17.3 
24.3 
10.34 

Mhi. 

110 

46 
110 

67 
100 
100 

78 
126 
111 
100 

59 
180 
116 

70 
114 

34.8 
17.3 
31.6 
22.8 

sao 

33.2 
31.3 
34.0 
3&3 

606 

2 ^ 

846 

3 

633 

4 

456 

5 

600 

6 

644 

7 

634 

8 

480 

9 

Cold 

•  •  .do. • . • • . 

766 

10 

11 

Hot 

Cold 

Hot 

...do. ..... 

12 

43.0 
28.9 
24.3 
25.9 

860 

13 

596 

14 

480 

16 

518 

Total 

840 

215.40 

. . .... ...  • 

a  This  charge  consisted  of  scrap  copper  and  some  scrap  brass.   All  tbe  other  charges  consisted  of  copper 
only. 
*  Not  gi^en. 

In  a  report  from  another  source  the  70-pound  furnace  is  said  to 
have  melted  two  heats  of  2 : 1  brass,  the  first  heat  taking  37  minutes 
(temperature  of  furnace  at  start  not  stated)  and  the  second  27 
minutes.  The  metal  loss  was  said  to  be  0.15  per  cent  and  the  power 
consumption  at  the  rate  of  363  kw.  h.  per  ton,  no  statement  being 
made  as  to  whether  this  refers  to  the  second  heat  only  or  to  both. 
No  figures  are  given  on  life  of  the  resistor  crucible  on  the  70-pound 
size. 

The  resistor  crucible  of  a  furnace  of  20  pounds  capacity  is  said  to 
have  lasted  45  heats. 

Miller  •^  quotes  the  inventor  of  the  furnace  as  claiming  that  this 
type  can  be  built  up  to  1,200-pounds  capacity,  capable  of  melting 
copper  at  240  kw.  h.  per  ton,  and  giving  a  metal  loss  (alloy  not 

"  Electric-furnace  development  for  metals :  Metal  Tnd.,  vol.  17,  1919,  p.  927. 
•^  Miller,  D.  D.,  The  electric  furnace  a.s  a  medium  for  heating  nonferrous  metals ;  Jour. 
Am.  Inst.  Metals,  vol.  11,  1917,  p.  275. 
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stated)  of  less  than  0.20  per  cent.  There  was  a  report  in  1917  that 
the  furnace  was  to  be  developed  for  use  in  an  American  plant 
producing  shrapnel  disks  on  a  French  order,  but  no  installation  of 
it  is  known.  It  is  quite  certain  that  the  furnace  was  never  actually 
.built  in  a  1,200-pound  size. 

The  comments  made  on  the  Morgan  furnace  apply  also  to  the 
Conley. 

0TTTHBIE  AND  KABCH  FTT&NAOS. 

Guthrie  and  Karch^^  patented  a  similar  tilting  furnace.  In  one 
form,  instead  of  a  solid  resistor  forming  the  crucible,  each  electrode 
was  so  shaped  as  to  half  inclose  a  separate  crucible,  granular  carbon 
being  placed  between  the  electrodes  and  the  crucible.  Arcs  were  to 
be  run  between  the  electrodes  and  the  granular  carbon,  and  the  heat 
was  thus  to  be  generated  by  a  combination  of  both  arc  and  resistance. 

No  actual  construction  of  such  a  furnace  is  known,  nor  was  it 
suggested  especially  for  brass.  The  crucible  life  in  such  a  furnace 
would  probably  be  extremely  short. 

BABIO  FX7BNAGE. 

Still  another  furnace  of  this  general  type,  made  by  the  Bario 
Metal  Corp.,  has  been  advertised.  The  Bario  furnace  consists 
merely  of  a  carbon  electrode  in  which  a  trough  is  gouged  out  to  con- 
tain metal.  The  electrode  is  held  in  water-cooled  terminals,  and  an 
extremely  heavy  current  is  passed  through  the  electrode,  which  serves 
as  a  solid  resistor.  No  attempt  is  made  at  putting  an  insulating 
coating  inside  the  trough.  The  resistor  is  in  the  open  air.**  The 
furnace  is  said  to  have  a  capacity  of  1  to  20  pounds.  The  electrode, 
resistor,  or  crucible,  whichever  it  be  termed,  is  said  to  last  25  to  50 
heats.  . 

In  another  form  ®*  the  resistor  is  placed  inside  a  furnace  chamber 
and  radiates  heat  onto  an  ordinary  crucible  placed  below  it,  thus 
forming  a  laboratory  type  of  crucible  lift-out  furnace. 

The  first  form  was  priced,  in  January,  1918,  at  $1,200,  the  second 
form  at  $1,400  (list  prices),  both  complete  with  variable- voltage 
transformers. 

This  firm  advertises  to  build  electric  furnaces  to  contain  from  1 
pound  to  3  gross  tons  of  metal.  No  description  of  the  larger  furnaces 
is  given  in  the  advertisements,  but  from  correspondence  with  the 
makers  it  appears  that  arc  furnaces  are  planned  for  the  larger  sizes. 

Such  a  furnace  might  find  limited  application  for  some  types  of 
laboratory  use,  and  forms  somewhat  similar  in  the  principle  of  the 

•*  Guthrie,  B.,  and  Karch,  J.  P.,  V.  8.  Patente  979.663,  Dec.  27,  1910;  and  1,086,1M, 
Feb.  3,  1014. 
*  De  MIloB,  P.,  U.  8.  Patent  1,317,863,  Oct.  7,  1919. 
■•  De  Miles,  P.,  U.  S.  Patent  1,317.864,  Oct.  7,  1919. 
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resistor  are  patented  by  Pfanstiehl*'  and  Bristol  and  Johnson®*  as 
a  laboratory  device  for  the  commercial  melting  of  very  small  quan- 
tities of  precious  metals  or  raw  materials. 

These  devices'  are,  of  course,  applicable  only  to  small-scale  or 
laboratory  work  and  have  no  bearing  on  the  problem  of  commercial 
brass  melting. 

Fitzgerald  and  Moyer  •*  have  described  a  laboratory  furnace  which 
can  be  used  to  heat  a  crucible  by  radiation  from  an  arc  over  it  or  to 
heat  one  embedded  in  granular  carbon. 

BEED  FUBNAGE. 

Reed^  has  devised  a  crucible  tilting  furnace  primarily  designed 
for  steel  melting,  in  which  is  used  a  carbon  resistor  grid  similar  to 
the  Greenwood  and  Hutton  resistor  previously  mentioned,  but  in- 
stead of  radiating  heat  to  the  crucible  through  an  air  space,  as  in  the 
Greenwood  and  Hutton  furnace,  and  leaving  the  resistor  open  to 
oxidation  by  air,  the  space  between  resistor  and  crucible  is  filled  with 
molten  glass ;  the  composition  of  the  glass  is  chosen  to  give  the  cor- 
rect fluidity  for  the  temperature  to  which  the  contents  of  the  crucible 
are  to  be  heated.  The  glass  covers  the  resistor,  prevents  oxidation, 
and  also  conveys  heat  from  resistor  to  crucible  by  conduction. 

The  crucible  rests  on  a  slotted  pedestal  and  is  held  in  place  at  the 
top  of  a  refractory  cap,  which  also  serves  to  retain  the  glass  when  the 
furnace  is  tilted  to  pour. 

The  furnace  is  in  the  early  stages  of  experimental  development  and 
no  data  have  yet  been  obtained  on  its  power  consumption,  crucible 
life,  and  resistor  life  under  operating  conditions.  It  is  claimed  that 
the  furnace  can  be  shut  down,  the  glass  allowed  to  freeze,  and  the 
furnace  be  started  up  again  without  damage  to  the  resistor;  that  the 
resistor,  crucible,  and  refractory  container  for  the  glass  are  not 
attacked  by  the  glass,  and  that  the  electrical  resistance  of  suitable 
glass  is  so  high  that  the  current  flows  only  through  the  resistor. 

The  furnace  is  not  primarily  designed  for  brass  melting,  but  if  the 
claims  of  the  inventor  are  substantiated  by  actual  test  it  might  be 
adapted  for  such  use.  No  active  development  work  is  being  done  on 
this  furnace  at  present,  but  such  development  is  planned  for  the  near 
future  both  on  steel  and  brass. 

•»  PfanstleW,  C.  A.,  IT.  S.  Patent  1,288,285,  Oct.  29,  1918. 

w  Bristol,  W.  H.,  and  Johnson,  M.  J.,  U.  8.  Patent  1,323,576,  Dec.  2,  1919. 

**  Fitzgerald,  F.  A.  J.,  and  Moyer,  O.  C,  Electric  furnace  for  experimental  work : 
Trans.  Am.  Blectrochem.  Soc,  toI.  36,  1919  (not  yet  published)  ;  Cbem.  and  Met.  Eng., 
vol.  21,  1919,  p.  769. 

iReed,  R.  R.,  U.  8.  Patent  1,357,901.  Nov.  2,  1920. 
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NOBTH&UP   FTJ&HACR 

There  is  one  furnace  which  can  be  made  in  a  crucible  lift-out  form 
as  well  as  in  tilting  form  which  is  in  successful  commercial  use.  This 
is  of  an  entirely  different  type  from  furnaces  previously  considered, 
as  it  uses  high-frequency  current  and  is  a  form  of  induction  furnace, 
the  heat  being  generated  in  the  metal  itself  or  in  the  crucible  contain- 
ing the  metal  and  not  outside  the  crucible.  This  exception,  therefore, 
will  be  described  under  induction  furnaces. 

EEAKTH  FUKBTACES  TTSnTG  NO  CETTCIBLES. 

GEKEAAL  COM  8IDEBATI0NS. 

Out  of  all  the  many  types,  forms,  and  sizes  of  electric  crucible 
lift-out  and  crucible  tilting  furnaces  suggested  and  of  the  fairly 
large  number  tried  in  the  laboratory  or  in  the  foundry  none  has  had 
or  offers  any  real  degree  of  commercial  success,  with  the  exception 
of  the  one  radically  different  type,  the  Ajax-Northrup,  which  will  be 
described  later. 

The  faults  of  the  crucible  furnaces  in  general  are  small  capacity, 
consequent  high  labor  cost,  low  production,  expense  for  crucibles, 
lack  of  reliability  due  to  fragility  of  crucibles  and  insulating  linings, 
and  low  thermal  efficiency,  which  means  a  high  cost  for  electric 
power.  All  the  usual  crucible  furnaces  of  the  lift-out  type  use  too 
much  electrical  energy  per  ton.  Furnaces  of  the  tilting  type— with 
a  resistor  forming  or  in  contact  with  the  crucible — that  might  give 
better  results  as  to  amount  of  energy  used  per  ton,  are  as  a  class  un- 
reliable because  of  the  inevitably  short  life  of  the  resistor  crucible  or 
insulating  lining. 

The  advantages  of  crucible  furnaces  lie  in  the  production  of  cru- 
cible-quality metal  and  in  reducing  the  metal  losses.  As  these  ad- 
vantages can  be  obtained  in  the  hearth-type  electric  furnace  without 
the  disadvantages  of  the  crucible  type,  the  obvious  next  step  is  to 
turn  to  the  types  that  do  not  use  crucibles  and  that  hold  the  metal  in  a 
hearth,  discharging  it  by  tilting  or  tapping. 

Yickers^  argues  against  the  use  of  a  hearth  furnace  made  of 
^^silicious  materials  such  as  bricks,  carborundum,  etc.,  which  form 
chemical  compounds  with  the  constituents  of  some  alloys,  to  their 
great  detriment."  He  does  not  elaborate  the  exact  cases  to  which  he 
has  reference.  Such  cases  doubtless  exist,  and  there  is  good  reason  to 
consider,  in  choosing  a  hearth  lining,  whether  or  not  it  may  injure 
the  metal ;  but  the  fact  that  all  the  electric  brass  furnaces  that  are 
in  successful  commercial  use  are  of  the  hearth  type  is  sufficient  proof 
that  for  many  alloys,  at  least,  hearth  materials  can  be  found  which  arc 

'  Vicken,  C,  The  electric  farnace  M  a  copper-melting  medium :  Foundry,  roh  4St  1917, 
p.  280. 
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not  detrimental  to  those  alloys.  It  is  important,  however,  to  make 
sure  that  the  design  of  the  furnace  is  not  such  as  to  allow  the  reduc- 
tion of  metallic  silicon  and  its  introduction  into  the  bath  of  brass. 

TUNDAMEKTAL  FBATUBES  IH  THE  DESIOK  OF  USEFUL  HEABTH- 

TYPE  FU&KACES. 

In  considering  the  design  of  hearth-type  electric  furnaces  for  com- 
mercial use  there  are  several  factors  to  be  considered.  Eodenhauser  ' 
has  attempted  to  set  forth  the  requirements  of  an  ideal  furnace  for 
melting  and  refining  steel  and  to  show  that  these  are  best  filled  by 
an  induction  furnace.  Commercial  practice  has  not  borne  out  his 
argument,  as  induction  furnaces  for  steel  are  rarities  in  the  United 
States,  but  it  is  useful  nevertheless  to  follow  Bodenhauser's  example 
in  pointing  out  some  fundamental  requirements  of  an  electric  fur- 
nace for  brass,  remembering  always  that  the  ideal  furnace  for  one 
set  of  melting  conditions  is  not  necessarily  perfect  for  another  set. 
These  fundamental  requirements  may  be  discussed  under  the  topics, 
metallurgical  fitness,  reliability,  rate  of  production,  thermal  efficiency, 
and  electrical  characteristics. 

IfETALLURQICAL  FITNESS  FOR  THE  WORK. 

The  prime  requisite  of  a  furnace  is  metallurgical  fitness  for  the 
work  to  be  done.  Unless  the  quality  and  uniformity  of  product  de- 
sired can  be  obtained  the  furnace  is  of  no  use.  If  ladle  pouring  will 
not  give  a  satisfactory  product,  for  example,  the  furnace  must  be 
capable  of  pouring  the  metal  direct  into  molds.  If  a  given  type  of 
furnace  will  not  operate  on  a  given  alloy  without  causing  too  great 
metal  losses,  as  a  direct-arc  furnace  on  yellow  brass,  it  is  barred 
from  consideration  unless  some  abnormal  condition  makes  this  loss 
acceptable  on  account  of  a  greater  saving. 

For  melting  a  variety  of  alloys  no  furnace  can  be  used  from  which 
one  charge  can  not  be  removed  completely  enough  to  prevent  inju- 
rious contamination  of  a  charge  of  a  widely  dissimilar  alloy  to  fol- 
low. Versatility,  or  the  ability  to  melt  all  the  alloys  handled  by  a 
plant,  is  a  desirable  feature  of  a  furnace,  and  where  the  output  of  a 
plant  will  not  allow  the  allocation  of  separate  furnaces  to  separate 
types  of  alloys,  this  feature  may  become  a  necessity.  Another  sort 
of  versatility  that  is  desirable  in  a  furnace  is  the  ability  to  work 
economically  on  either  8, 16,  or  24  hour  operation  per  day. 

If  close  temperature  limits  must  be  held  lest  the  product  suffer,  a 
furnace  incapable  of  close,  prompt,  temperature  control  would  be 
either  useless  or  at  a  disadvantage. 

s  Bodenhanfler,  W.,  ftnd  Scfaoenawa,  J.,  translated  by  rom  Batir,  C.  H.,  Electric  fur- 
naces in  the  iron  and  steel  industry,  1917  ed.,  p.  66. 
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BELZABILZTY. 

The  furnace  must  be  reliable  and  must  stand  up  to  its  work  day 
after  day.  St.  John,^  in  discussing  this  subject,  has  well  expressed 
the  situation  when  he  says : ''  Sustained  mediocrity  is  preferable  to 
intermittent  perfection." 

Ruggedness  is  an  essential.  Reliability  is  to  be  attained  by  rug- 
ged construction,  by  the  use  of  high-grade  and  suitably  chosen  re- 
fractories, and  by  the  avoidance  of  complicated  construction  of 
heated  parts.  One  can  determine  with  a  reasonable  degree  of  accu- 
racy the  behavior  as  to  power  consumption  and  as  to  metal  losses 
of  a  given  furnace  tjrpe  by  laboratory  tests  on  a  furnace  of  compara- 
tively flimsy  construction;  but  none  but  a  robustly  built  furnace, 
can  stand  up  under  constant  use  in  rapid  production  in  foundry 
conditions. 

It  is  not  vital  to  successful  operation  that  all  the  appurtenances  of 
an  electric  furnace  be  of  simple  construction  or  foolproof  if  they  are 
not  placed  where  they  become  hot,  but  are  placed  where  they  can  be 
attended  to.  The  more  simple  and  foolproof  they  can  be  made  the 
better,  of  course,  but  electric  furnaces  can  operate  profitably  with 
complicated  and  delicate  appurtenances,  as  is  proven  by  the  opera- 
tion, for  many  years,  before  more  simple  and  less  delicate  controls 
were  devised,  of  steel  furnaces  with  complicated  electrode-regulating 
mechanisms  that  had  to  be  protected  by  glass  cases  and  that  required 
the  almost  constant  attention  of  a  high-class  electrician. 

But  when  delicate  or  ^^ fussy"  construction  is  attempted  in  the 
heated  interior  of  the  furnace  results  are  likely  to  be  disastrous. 
Complicated,  fragile  resistors,  projections  in  the  refractory  lining, 
or  anything  in  the  heated  zone  that  can  not  be  readily  replaced  while 
the  furnace  is  hot  are  highly  detrimental  to  reliability.  Simplicity 
and  durability  of  construction  inside  the  furnace  are  of  paramount 
importance.  For  example,  the  tilting  furnaces  in  which  a  molded 
fire-clay  graphite  resistor  serves  also  as  crucible  or  hearth  by  the 
interposition  of  an  insulating  coating  have  low  reliability,  because 
the  coating  is  almost  necessarily  fragile,  and  its  failure  usually  means 
that  of  the  whole  resistor ;  when  that  failure  occurs  the  furnace  has 
to  be  cooled  and  practically  rebuilt. 

Similarly,  a  furnace  with  a  resistor  built  of  a  lattice  or  grid  of 
carbon  rods  or  bars  is  not  likely  to  be  reliable,  as  the  failure  of  any 
part  of  the  resistor  means  a  complete  shutdown.  Arc  furnaces  have 
much  to  commend  them,  as  a  broken  or  damaged  electrode  can  be  re- 
placed with  but  little  delay  while  the  furnace  is  hot. 

«8t  John.  H.  M.,  Commercial  testing  of  metallurgical  electric  fanacea:  Chem,  and 
Met.  Bng.,  vol.  21,  1919,  p.  378. 
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The  selection  of  refractories  is  of  utmost  importance  in  attaining 
reliability.  The  ideal  combination  of  extreme  refractoriness,  mechan- 
ical strength,  great  resistance  to  heat  flow,  or  low  thermal  conductiv- 
ity, and  cheapness  is  not  attainable  in  any  one  refractory.  The  way 
to  obtain  the  best  results  seems  to  lie  in  the  use  of  three  layers.  The 
inner  layer,  forming  the  working  chamber  of  the  furnace,  should  be 
built  of  materials  chosen  primarily  for  refractoriness,  strength,  free- 
dom from  spalling  under  changes  of  temperature,  and  for  ability 
to  withstand  such  conditions  of  the  furnace  as  a  strongly  reducing 
atmosphere  or  as  contact  with  a  given  alloy,  when  used  in  the  hearth, 
without  being  damaged  by  such  contact  and  without  damaging  the 
alloy.  Low  thermal  conductivity  and  low  cost  of  this  layer  are 
secondary  to  the  considerations  cited  above.  The  intermediate  layer 
should  be  of  good  refractoriness  and  strength,  with  the  lowest  thermal 
conductivity  consistent  with  these  qualities.  Cheapness  becomes  a 
factor  in  choosing  this  layer.  The  outer  layer  should  be  chosen  pri- 
marily as  a  heat  insulator  against  the  rather  low  temperature  of 
the  outside  of  the  intermediate  layer. 

Sometimes  two  layers  only  prove  satisfactory,  in  which  case  the 
outer  layer  must  combine  the  properties  of  the  intermediate  and  the 
outer  layers  of  a  three-layer  lining. 

There  are  no  grave  difficulties  in  obtaining  highly  satisfactory  ma- 
terials for  all  but  the  inner  layer,  the  choice  of  which  is  limited  by 
the  materials  available  and  represents  a  balance  between  initial  cost 
and  life.  Depending  on  conditions,  it  may  be  cheaper  to  use  ex- 
pensive materials  and  to  avoid  the  labor  and  interest  charges  and 
loss  of  production  due  to  shutting  down  more  frequently  for  relin- 
ing  or  it  may  be  better  to  use  cheaper  materials  and  to  reline  more 
often. 

BATE  OF  PBODXrOTZOV. 

Next  in  order  of  importance  comes  the  rate  of  production.  A  high 
rate  of  production  cuts  down  overhead,  labor,  and  interest  charges 
and  is  essential  to  justify  the  high  initial  cost  of  an  electric  furnace, 
as  this  initial  cost  is  necessarily  far  above  that  of  a  fuel-fired  fur- 
nace. A  high  rate  may  be  obtained  by  a  design  of  high  thermal  effi- 
ciency, but  no  less  by  other  factors  of  design.  A  furnace  should  be 
capable  of  rapid  charging  and  discharging;  one  that  can  be  charged 
from  overhead,  by  dumping  of  the  charge  into  it,  or  that  is  capable 
of  mechanical  charging  in  other  ways  is  preferable  to  one  in  which 
slow  hand  charging,  as  through  a  small  side  door,  must  be  done. 
If  slagging  or  stirring  is  necessary  on  a  given  charge,  the  furnace 
must  allow  easy  access  to  all  parts  of  the  bath  for  these  purposes. 
Even  so  small  a  matter  as  a  diflFerence  of  half  a  minute  in  the  speed 
with  which  a  charging  door,  pouring  spout,  or  tap  hole  may  be 
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opened  or  closed  may  affect  materially  the  rate  of  production,  since 
these  operations  are  repeated  many  times. 

THEBKAL  EFFICIEHOY. 

A  high  thermal  efficiency  in  total  kw.  h.  used  per  ton  of  product 
is  of  importance,  because  electric  energy  is  a  more  expensive  source 
of  heat  than  the  combustion  of  fuel.  For  a  given  amount  of  power 
used  a  high  thermal  efficiency  also  means  a  higher  rate  of  produc- 
tion. 

Thermal  efficiency  is  to  be    attained    in    the    following   ways: 

(1)  By  generating  the  heat  in  or  as  near  to  the  charge  as  possible; 

(2)  by  supplying  power  at  the  highest  practicable  rate  of  power  in- 
put; (3)  by  the  avoidance  of  waste  space  inside  the  furnace,  thus 
making  the  furnace  compact,  with  less  wall  volume  to  heat  and  less 
surface  area  to  radiate  heat,  and  (4)  by  choosing  refractories  which 
will  keep  the  heat  inside  the  furnace  instead  of  allowing  it  to  flow 
out  and  be  wasted. 

The  energy  supplied  does  one  of  two  things:  It  heats  the  charge 
or  it  goes  to  waste  into  or  through  the  walls,  roofs,  doors,  and  elec- 
trodes. If  the  charge  is  so  placed  that  it  gets  the  first  chance  at  the 
heat,  taking  it  directly  instead  of  indirectly  after  it  has  first  gone  to 
a  roof  or  wall,  from  which  only  part  of  the  energy  is  reflected  back 
to  the  metal,  more  will  be  absorbed  by  the  metal.  The  energy  lost 
through  the  walls  of  a  given  furnace  remains  approximately  con- 
stant for  a  given  operating  temperature ;  if  the  rate  of  energy  input 
is  increased,  not  only  is  the  speed  of  production  increased,  but  the 
ratio  of  energy  usefully  applied  to  that  lost  is  greater.  If  a  fur- 
nace takes  100  kw.  and  loses  35  kw.  through  shell  radiation  and 
electrode  losses,  66  kw.  do  useful  work,  and  the  efficiency  is  66  per 
cent.  If  the  same  furnace  takes  125  kw.  and  37^  are  lost,  87i  will 
do  useful  work;  the  output  is  increased  35  per  cent,  and  the  thermal 
efficiency  rises  to  70  per  cent.  Hence  the  highest  rate  of  power  input 
that  the  refractories  can  stand  gives  the  best  results  as  to  thermal 
efficiency  and  production. 

A  furnace  may  not  be  used  continually,  but  may  cool  during  the 
night,  the  walls  losing  heat,  which  must  be  put  back  during  the  first 
heats  the  next  morning  before  the  walls  again  reach  thermal  equi- 
librium. Under  these  circumstances  the  thermal  capacity,  or  the 
quantity  of  heat  the  walls  can  store,  is  of  importance;  a  furnace  for 
intermittent  work,  therefore,  may  show  a  higher  over-all  thermal 
efficiency  if  it  has  thin  walls  of  low  thermal  capacity,  even  though 
the  rate  of  heat  loss  through  the  walls  is  greater  than  with  thicker 
walls.    The  way  the  furnace  is  to  be  used  may  influence  its  derign. 

In  general,  to  build  a  given  type  of  furnace  in  a  larger  size  and 
to  increase  its  power  input  at  the  same  time,  results  in  marked  in- 
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crease  in  thermal  efficiency,  as  the  capacity  increases  faster  than  the 
wall  volume  and  wall  area,  and  therefore  increases  the  ratio  of  use- 
fully applied  heat  to  the  amount  lost  through  the  walls. 

The  relative  importance  of  thermal  efficiency  depends  on  the  cost 
of  electric  power.  If  power  is  cheap,  thermal  efficiency  can  be 
sacrificed  for  stability,  convenience,  or  for  securing  other  advantages 
that  might  be  more  readily  obtained  in  a  less  efficient  type ;  as  the 
cost  of  power  increases  it  becomes  of  greater  importance  in  the  cost 
sheet,  so  that  the  choice  of  a  type  must  take  account  of  this  item  and 
of  the  difference  in  the  thermal  efficiency  of  different  types  of 
fumacea 

ELEOTBZOAL  CHABACTSBI8TI0S. 

For  use  in  a  given  plant  the  furnace  must  be  able  to  utilize  the 
available  supply  of  alternating  current,  either  from  the  power  house 
of  the  plant  or  from  a  central  station,  without  undue  interference 
with  other  users  of  power  or  with  efficient  generation  of  the  power. 

Few  electric  furnaces  can  be  designed  to  take  transmission-line 
voltages,  and  none  can  be  so  designed  with  safety  to  the  users ;  hence 
transformers  are  always  used  to  step  high-tension  current  down  to 
furnace  voltages. 

Some  furnaces,  notably  direct-arc  furnaces,  tend  to  disturb  the 
regulation  of  the  lines  on  which  they  are  located.  This  interference 
is  most  noticeable  in  the  case  of  a  furnace  of  high  power  require- 
ments on  a  low-capacity  line,  and  is  especally  objectionable  where 
a  single-phase  furnace  has  to  operate  on  one  phase  of  a  three-phase 
line.  The  type  of  furnace  must  be  chosen  with  care,  if  lines  of  low 
capacity  must  be  used ;  on  a  line  of  large  capacity  it  is  often  possible 
to  use  without  trouble  a  300-kw.  single-phase  arc  furnace. 

A  furnace  of  low  power  factor  involves 'losses  in  the  transmission 
of  power,  and  power  is  priced  higher  to  such  a  furnace  than  to  one 
of  higher  power  factor.  Few  furnaces  operate  at  a  power  factor 
below  75,  however,  and  this  figure  is  usually  satisfactory  to  the  power 
plant. 

The  power  department  of  a  plant  or  the  central  station  that  sup- 
plies power  to  a  plant  proposing  to  install  an  electric  furnace  must 
always  be  consulted  to  ascertain  whether  the  electrical  character- 
istics of  the  furnace  to  be  installed  will  fit  the  power  supply  of  that 
plant  or  locality.  Usually  little  difficulty  is  experienced  in  larg^ 
manufacturing  districts,  but  in  isolated  plants  or  in  small  communi- 
ties it  might  not  be  feasible  to  use  any  electric  furnace  whatever 
because  of  the  lack  of  suitable  power  supply. 

The  electrical  characteristics  of  the  furnace  may  affect  its  opera- 
tion or  its  thermal  efficiency.  Attempts  to  get  too  high  a  power 
factor  on  an  arc  furnace  may  result  in  an  imsteady  arc.  Other 
things  being  equal,  the  higher  the  voltage  and  the  lower  the  current 
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used  on  a  furnace  the  better  its  thermal  efficiency,  because  the  heat 
losses  from  the  electrodes  increase  rapidly  as  the  current  increases. 
The  electrode  losses  from  a  100-kw.  furnace  taking  100  volts,  1,000 
amperes,  may  be  6  kw.,  while  from  another  100-kw.  furnace  taking 
25  volts,  4,000  amperes,  they  may  be  15  kw.  or  higher.  Arc  furnaces 
thus  usually  have  an  advantage  in  thermal  efficiency  over  resistance 
furnaces,  which  are  normally  designed  to  use  a  much  lower  voltage 
than  arc  furnaces.  On  the  other  hand,  arc  furnaces  continually  use 
up  electrodes,  while  the  electrodes  of  resistance  furnaces  may  last 
for  many  months. 

008T  OF  OPERATIOV. 

As  has  been  stated,  the  initial  cost  of  any  electric  furnace  is  rela- 
tively high,  so  that  charges  for  interest  and  depreciation  can  not  be 
neglected,  especially  if  the  rate  of  production  of  the  furnace  is  low. 
Cost  of  maintenance  for  refractories  and  electrodes  is  also  usually 
higher  than  on  fuel-fired  furnaces.  The  final  test  of  an  electric  fur- 
nace  is  its  ability  to  produce,  under  the  conditions  in  any  given 
plant,  molten  metal  of  the  desired  quality  in  the  ladle  at  a  lower 
over-all  cost  than  any  fuel-fired  furnace  or  any  other  electric  fur- 
nace. The  operation  of  a  given  furnace  affects  the  cost  as  much  as 
the  design;  therefore  it  is  necessary  to  consider  furnace  operation 
separately  from  the  design.  This  phase  of  the  subject  will  be  con- 
sidered later,  as  regards  the  commercial  furnaces,  after  a  discussion 
of  the  design  and  of  the  capabilities  of  all  hearth-type  furnaces, 
whether  now  in  commercial  operation  or  not. 

HEABTH-TTFE  FTTBNACES— THEIB  YAXIOTrS  FOSHS. 

EXFEBIHiENTAL  BOCXWBLL  FUBKACE. 

The  W.  S.  Rockwell  Co.,  furnace  engineers,  constructed  a  long 
time  ago  a  tapping  furnace  in  which  metal  was  to  be  contained  on  a 
shallow  refractory  hearth,  probably  supported  by  refractory  piers, 
below  which  was  a  resistor.  Work  on  this  type  did  not  progress  very 
far ;  if  the  floor  of  the  hearth  were  made  thick  enough  to  hold  up  the 
weight  of  metal,  it  baffled  too  much  the  flow  of  heat,  and  the  efficiency 
became  very  low,  only  about  6^  per  cent,  calculated  from  the  test. 

All  other  attempts  to  design  a  hearth-type  furnace  have  specified 
that  the  heating  of  the  metal  should  be  done  from  the  top  or  from 
the  sides. 

BRISTOL  FTTBNACE. 

Bristol  ^  suggests  a  tilting  furnace  for  brass  with  a  carbon-rod  re- 
sistor, a  stream  of  steam  being  injected  to  prevent  the  entrance  of  air 

•  Bristol.  W.  H.,  r.  S.  Patent  1,315,206,  Sept.  9,  1919. 
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and  to  cut  down  oxidation  of  the  resistor  and  of  the  charge.  An  out- 
let is  provided  for  the  steam,  and  there  is  nothing  to  prevent  the 
volatilization  of  zinc  through  such  an  outlet.  In  f  act,  the  stream  of 
steam  would  tend  to  sweep  out  the  zinc  vapor  as  fast  as  it  should 
be  evolved. 

Instead  of  reducing  the  oxidation  of  the  resistor,  the  steam  would 
attack  the  resistor,  just  as  red-hot  coke  is  attacked  by  steam  in  the 
production  of  water  gas.  Steam  passed  over  red-hot  iron  filings  will 
produce  iron  oxide  and  hydrogen,  and  it  seems  very  likely  that  an 
analogous  decomposition  of  the  steam  would  be  brought  about  by 
the  zinc  in  brass,  forming  zinc  oxide®  and  hydrogen,  as  zinc  in  the 
presence  of  impurities  is  capable  of  thus  decomposing  even  liquid 
water. 

•  Divine '  states  that  steam  blown  through  a  molten  zinc  alloy  oxi- 
dizes the  zinc. 

SKYBEB  BESISTOB  TILTING  FUBKAGE. 

The  Industrial  Electric  Furnace  Co.  show  a  photograph'  and  a 
diagram  of  a  furnace  in  the  form  of  a  horizontal  cylinder  with  coni- 
cal ends,  the  melting  chamber  inside  being  spherical.  The  diagram 
shows  a  carbon-rod  or  tube  resistor  on  the  horizontal  axis  of  the 
furnace.  No  commercial  installations  have  been  made  for  melting 
brass  and  according  to  Booth  *  no  tests  were  made  on  brass,  though 
it  was  suggested  that  it  might  be  available  for  melting  nonferrous 
alloys. 

CLINaMAN  BESISTOB  FUBNACE. 

The  C^ngman  resistor  furnace,  it  was  stated  in  1918,  was  being 
manufactured  for  trial  in  a  brass  and  copper  mill  by  the  Columbia 
Electric  Furnace  Co.  It  has  a  carbon-rod  resistor,  which  is  said  to 
last  70  to  120  heats,  located  centrally  in  the  furnace.  The  furnace 
walls  are  extended  nearly  to  the  resistor,  these  projections  being 
made  of  carbon.  Above  the  rod  the  furnace  has  a  sort  of  hopper 
shape,  and  below  it  a  hearth  from  which  metal  can  be  poured.  The 
furnace  is  designed  to  take  10  to  20  volts  and  is  planned  for  being 
carried  bodily  to  the  molds  for  pouring.  Different  sizes  are  de- 
signed for  capacities  of  100  to  500  pounds  per  heat.  The  500-pound 
furnace  is  to  take  60  kw.  The  cold  charge  is  to  be  placed  over  the 
resistor,  supported  by  the  resistor  and  by  the  carbon  projections  in 

'Compare  Scbenck,  R.,  and  Dean,  R.  S..  The  physical  chemistry  of  the  metals,  1919, 
p.  155. 

'  DiTlne,  R.  D.,  Separation  of  lead,  zinc,  and  antimony  oxides :  Bull.  Am.  Inst.  Min. 
Eng.,  No.  92,  Aug.  1914,  p.  1877. 

'Electric  Furnace  Bulletin  No.  40,  October,  1017,  p.  27. 

•  Booth,  C.  H.,  Booth  electric  rotating  brass  furnace :  Metal  Ind.,  vol.  17,  1919,  p.  817, 
par.  1. 
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the  walls,  thus  being  in  contact  with  the  resistor  until  it  melts ;  then 
it  drops  through  the  space  between  the  resistor  and  the  wall  into  the 
hearth,  where  it  is  heated  to  pouring  temperature  by  radiation  from 
the  resistor. 

It  is  not  clear  how  the  current  can  be  prevented  from  short- 
circuiting  through  the  solid  charge  piled  on  the  resistor  rod,  nor 
how  the  rod  is  to  support  the  weight  of  the  charge  without  breaking. 
No  actual  tests  on  this  design  have  been  reported,  although  certain 
claims  for  its  performance  have  been  made,  including  a  claim  of 
a  consumption  of  power  at  the  rate  of  140  to  160  kw.  h.  x>^r  ton, 
though  140  kw.  h.  per  ton  is  less  than  the  power  theoretically  re- 
quired in  a  furnace  of  100  per  cent  thermal  efficiency.  It  is  possible 
to  obtain  such  figures  experimentally  if  heat  stored  in  a  furnace  is 
utilized  and  no  account  taken  of  it  For  example,  one  could  charge 
a  few  pounds  of  brass  into  a  steel  furnace  after  pouring  a  heat  of 
steel  and,  without  using  any  electric  power  at  all,  melt  the  brass 
and  raise  it  to  pouring  temperature.  The  furnace  would  th^i  melt 
brass  at  an  apparent  power  consumption  of  no  kw.  h.  per  ton. 

STEIKBEBa  AND  GKAMOIJK  FITEKACB. 

Two  Russian  inventors  ^^  have  designed  another  carbon  resistance 
rod  furnace,  having  three  rods  over  a  hearth,  for  three-phase  cur- 
rent.   No  application  of  the  design  seems  to  have  been  made, 

JOHNSOK    FUBNACE. 

W.  Mc A.  Johnson  **  suggests  a  furnace  in  which  a  resistor  built  up 
of  a  latticework  of  carbon  bars  is  located  over  the  hearth.  Granular 
resistor  may  also  be  piled  over  the  lattice.  Unusual  features  of  the 
furnace  are  a  propeller-wheel  stirrer  set  in  a  recess  at  one  side 
of  the  hearth  to  cause  circulation  of  the  metal  and  an  impeller  pump, 
which  is  designed  to  circulate  the  gaseous  contents  of  the  vapor  space 
to  cause  a  gas  flow  from  the  resistor  downward  till  it  strikes  the  metal 
in  the  hearth ;  this  mechanism  would  convey  heat  by  the  bodily  motion 
of  the  hot  gas  as  well  as  by  radiation.  It  is  not  clear  how  Hie  stirrer 
and  the  pump,  which  are  to  be  made  of  graphite  or  fire  clay,  could 
be  kept  in  steady  operation  without  difficulty. 

The  furnace  is  designed  mainly  as  a  mixing  and  superheating  fur- 
nace rather  than  as  a  melting  furnace,  and  the  charging  opening  is 
small.  Molten  copper  and  molten  zinc  in  the  proper  proportions  are 
to  be  melted  in  other  suitable  furnaces  and  poured  into  this  furnace 

uStf^inberg,  8.,  and  Gramolln,  I.,  British  Patent  111,679  of  Dec.  13,  1917. 
u  Johnson,  W.  McA.,  U.  8.  Patent  1,243,416,  Oct.  16,  1917;  application  filed  Mar. 
8,  1914. 
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for  mixing."    Borings  or  other  fine  material  can  also  be  charged. 
This  furnace  has  not  been  actually  constructed  or  operated  on  brass. 

FITZGEBALB-THOHSON    FCTBNACE. 

The  power  input  that  can  be  taken  by  a  single  carbon  rod  used  as 
resistor  is  limited,  and  such  a  rod  is  fragile.  If  its  diameter  should 
be  increased  to  strengthen  it,  its  resistance  would  be  so  reduced  that 
huge  currents  at  low  voltage  would  be  needed.  If  a  complex  resistor 
were  built  in  the  form  of  latticework,  for  example,  there  would  be 
difficulty  in  building  it  up  so  that  it  would  give  uniform  heating. 

All  such  resistors  to  be  used  in  a  brass  furnace  run  at  temperatures 
so  high  that  the  refractories  which  support  the  ends  of  the  resistors 
receive  severe  treatment.  Fitzgerald  *'  built  a  furnace,  after  a  design 
by  Thomson,  in  which  the  resistor  consisted  of  a  layer  of  small  car- 
bon rods  laid  side  by  side,  the  current  passing  at  right  angles  to  the 
axes  of  the  rods.  The  contact  resistance  between  the  rods  was  thus 
utilized  as  well  as  the  resistance  of  the  rods  themselves.  The  ends 
of  the  rods  were  supported  on  magnesite  ledges  at  the  sides  of  the 
furnace,  the  electrodes  entering  from  the  ends,  the  resistor  being 
placed  over  the  hearth.  The  furnace  was  designed  for  use  in  carry- 
ing out  the  Imbert  zinc-smelting  orocess,  but  was  also  tried  for  melt- 
ing iron  and  copper. 

The  resistor  burns  away  when  the  air  strikes  it ;  a  modification  of 
the  furnace  provides  therefore  for  placing  a  septum  between  the 
resistor  and  the  hearth  to  prevent  an  access  of  air  to  the  resistor. 
The  septiun  is  made  of  carborundum  or  siliconized  graphite  to  resist 
oxidation  and  to  have  heat  conductivity  high  enough  to  baffle  the 
flow  of  heat  as  little  as  possible. 

The  weak  point  of  the  furnace  was  the  support  of  the  ends  of  the 
resistor  rods,  which  were  so  hot  that  the  supporting  ledges  of  mag- 
nesite failed.  To  avoid  this  weakness,  a  resistor  was  designed  of 
molded  carbon  plates  6  inches  high,  8|  inches  long  on  top,  5^  inches 
long  on  the  bottom,  and  about  an  inch  thick  in  the  thickest  part. 
These  plates,  instead  of  being  flat  and  of  uniform  thickness,  were 
ribbed  or  fluted;  by  placing  alternate  ones  higher  than  the  others, 
so  that  a  projection  fitted  into  a  depression,  the  row  of  plates  was 
self-supportmg  if  the  ends  of  the  row  and  not  the  sides  were  held 
up.  As  the  ends  are  held  up  by  the  large  carbon  or  graphite  elec- 
trodes, the  sides  of  the  resistor  need  no  support  and  the  resistor  does 
not  come  in  contact  with  anv  refractories. 


"Compare  also  Addicks,  L..  U.  8.  Patent  1,041,940,  Oct.  22,  1012 ;  Clamer,  G.  H.,  V.  S. 
Patent  1,198,618,  Sept.  19,  1916. 

^  Fltagerald,  F.  A.  J.,  A  new  electric  resistance  furnace :  Trans.  Am.  Electrochem. 
8oc.,  vol.  19,  1911,  p.  273. 
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The  thickness  of  the  plates  is  slightly  less  at  the  bottom  than  at 
the  top,  so  that  when  the  resistor  is  assembled  the  long  row  of  plates 
forms  an  arch. 

This  makes  the  lower  part  of  the  arch  offer  a  shorter  path  to  the 
current,  and,  added  to  the  fact  that  the  plates  are  narrower  at  the 
bottom  of  the  resistor  than  at  the  top,  means  that  the  current 
density  is  higher  on  the  bottom  of  the  resistor  than  at  the  top  and 
the  resistor  will  heat  up  more  at  the  bottom.  The  corrugated  plates 
offer  much  contact  resistance,  so  that  of  the  total  resistance  of  a  row 
of  71  plates  98  per  cent  was  due  to  the  contact  resistance  and  only  2 
per  cent  to  that  of  the  body  of  the  plates. 

THOHSON  FUBNACK 

The  principle  of  a  self-supporting  carbon  resistor  described  above 
has  been  patented  by  Thomson  in  a  large  variety  of  f  orms.^^  In  the 
later  forms  the  use  of  molded  carbon  plates  has  been  given  way  to  the 
use  of  a  continuous  graphite  resistor  which  could  be  made  from  a 
long,  square,  gi'aphite  bar  by  shaving  down  the  bar  into  a  wedge 
shape  to  make  the  lower  part  of  the  resistor  narrower  than  the  top, 
as  was  the  case  in  the  ribbed-plate  resistor,  then  by  sawing  the 
resistor  nearly  but  not  quite  through  lengthwise,  giving  it  the  shape 
of  a  U,  and  then  making  a  series  of  smaller  U's  alternately  upright 
and  inverted  by  cutting  each  leg  of  the  big  U  nearly  but  not  quite 
through  by  alternate  cuts  from  top  and  bottom.  This  gives  a  re- 
sistor in  which  the  current  enters  one  leg  of  the  big  U,  takes  a 
sinuous  path  around  the  cuts  in  that  leg  into  the  other  leg,  and  again 
around  the  cuts  out  the  second  leg.  The  slots  in  this  zig-zag  grid 
are  filled  with  some  refractory  material  of  low  electrical  conductivity 
when  hot,  such  as  alumina,  and  the  surface  of  the  resistor  is  like- 
wise coated  with  it.  This  increases  the  strength  and  stability  of 
the  resistor  and  also  reduces  its  tendency  to  oxidation.  The  cylin- 
drical, molded  graphite-fire-clay  resistor  used  in  the  Snyder  crucible 
lift-out  furnace  previously  described  was  slotted  in  an  analogous 
fashion  to  increase  the  resistance,  and  the  slots  were  filled  with 
alundum  cement  to  increase  the  stability.  The  pure-graphite  re- 
sistor used  in  the  Thomson  furnace  is  of  course  capable  nf  being  run 
at  a  much  higher  temperature  than  the  graphite-fire-clay  re^stor 
used  by  Snyder. 

^♦Thomson.  J.,  U.  S.  Patents  950,877,  950,880,  950.882,  951,086,  Mar.  1,  1910; 
994,217.  June  6,  1911;  1,080,862.  1,080,868»  1,080,864,  1,080,866.  1,080,866,  Dec.  9,  1918; 
1^8,421.  Mar.  26,  1919;  1.808,877,  July  8,  1919;  1.818.028.  1.818,029.  1,818,030, 
1,318,081.  Oct.  7,  1019 ;  1,321,682  aod  1,821,688,  Not.  11,  1919. 
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The  John  Thomson  Press  Co.  advertised  ^*«  an  electric  brass  fur- 
nace in  January,  1919,  and  in  February  replied  to  an  inquiry  from  a 
brass  foundry  that  the  resistor  (of  the  style  just  described)  is  free 
from  air  burning,  and  therefore  practically  permanent.  The  furnace 
temperatures  are  controlled  by  a  transformer  having  taps  to  supply 
20  to  50  volts  in  SJ-volt  steps  and  50  to  100  volts  in  5-volt  steps  at  the 
furance  terminals.  The  kv.-a.  capacity  of  the  transformer  is  not 
given.  Blue  prints  dated  July  10,  1918,  of  a  furnace  to  hold  1,000 
pounds  of  brass  were  sent  to  the  foundry,  but  it  was  stated  that 
various  modifications  were  being  made  in  that  design  as  a  result  of 
trial.  In  a  test  by  the  makers  the  furnace  is  said  to  have  melted 
brass  at  the  rate  of  250  kw.  h.  per  ton.  The  figure  doubtless  refers 
only  to  24-hour  operation. 

The  1,000-pound  furnace,  complete  with  transformer,  was  priced 
at  $11,800  in  February,  1919.  The  upkeep  cost  was  said  to  be  "  very 
small." 

The  blue  prints,  from  which  figure  11  is  drawn,"  show  a  tapping 
furnace  with  a  rectangular  hearth,  over  which  is  a  zigzag  resistor, 
each  end  of  which  rests  on  a  carborundum  support.  There  is  no 
septum  between  resistor  and  hearth,  as  the  resistor  is  claimed  to  be 
free  from  oxidation.  Both  terminals  of  the  single- phase  circuit  are 
connected  to  the  ends  of  the  resistor  at  one  end  of  the  furnace,  the 
tap  hole  and  spout  being  at  the  other  end  of  the  furnace.  Charging 
doors  are  provided  at  the  ends  of  the  furnace.  The  roof  is  arched 
over  the  resistor  in  order  to  reflect  heat  upon  the  bath. 

The  whole  furnace  is  mounted  in  a  framework  of  channel  iron  on 
a  base.  In  the  center  of  the  base  is  a  hemispherical  projection  fitting 
into  a  cup  in  a  smaller  base  fastened  to  the  floor.  Outside  the  cup 
the  small  base  has  a  flatly  conical  surface.  At  the  center  of  the  top 
of  the  framework  is  a  bearing  with  an  eccentric  arm.  The  eccentric 
rides  a  rigid  bearing  and  is  rotated  by  a  motor  through  a  geared 
and  belted  transmission.  The  motion  of  the  eccentric  arm  produces 
a  gyrating  movement  of  the  furnace,  evidently  designed  to  stir  the 
metal  and  to  minimize  surface  overheating  of  the  bath,  on  the  prin- 
ciple of  stirring  a  bath  of  brass  by  motion  of  the  furnace  previously 
shown  by  the  Bureau  of  Mines  to  be  desirable  in  the  rocking  arc- 
furnace.  A  furnace  motion,  designed  to  stir  the  metal,  of  about  the 
degree  obtained  in  the  Thomson  design,  was  used  on  some  of  the 
early  forms  of  the  Stassano  ^^  steel  furnace.  Flexible  leads  must,  of 
course,  be  provided  to  allow  the  gyrating  motion. 

^^  Ctaem.  and  Met.  Bng.,  vol.  20,  1919,  adv«rttelncr  pAges,  January  isane. 
V  See  also  Thomaon,  J.,  U.  S.  Patent  1,308,877,  July  8,  1919. 

**  Rodenhauwr,  W.,  and  Schoenawa,  J.,  tranelated  by  vom  Bauer,  C.  H.,  Electric  fur- 
naces In  tlie  iron  and  ateel  industry.    1917,  p.  108. 
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UI^TEB  FOBM  OF  THE  THOMSOK  FUBNAGE. 

The  Thomson  gyrating  brass  furnace  appears  to  have  been  aban- 
doned in  favor  of  a  cylindrical,  rotating  furnace  with  a  central,  tubu- 
lar zigzag  resistor.  The  latest  design  is  stated  by  Thomson  ^^  to  be 
based  on  his  Patents  Nos.  950,878,  950,880,  1,318,030,  and  1,318,081. 

The  original  method  of  protecting  the  resistor  frwn  oxidation  by 
a  coating  of  carborundum  is  said  to  have  been  a  "  disappointment,^' 
as  it  did  not  prove  satisfactory  under  severe  test  Another  method 
is  said  to  have  been  devised. 

The  Thomson  furnace  could  be  provided  with  two  or  three  resistors 
in  order  to  use  polyphase  power.  The  resistor  could  not  be  with- 
drawn while  charging,  as  can  the  electrodes  of  the  rocking  and  rotat- 
ing indirect-arc  types,  which  will  be  described  farther  on  in  this 
report.  It  would  be  necessary  to  exercise  great  care  in  charging  in 
order  to  avoid  breaking  the  resistor.  Mechanical  charging  from 
overhead  would  therefore  be  impracticable. 

If  this  type  of  furnace  is  made  to  rotate  completely,  the  problem 
of  maintaining  a  good  electrical  contact  at  the  sliding  contact  would 
be  even  more  serious  than  in  the  completely  rotating  arc  type,  as  the 
resistor  takes  a  lower  voltage  and  a  higher  amperage  than  the  arc. 

Until  foundry  tests  have  been  made  to  show  the  behavior  of  the 
Thomson  furnace  its  value  can  not  be  predicted,  for  that  will  depend 
on  the  life  of  the  resistor  in  actual  practice,  on  the  actual  number  of 
kilowatt  hours  needed  per  ton  of  metal,  and  on  the  rate  of  production, 
life  of  the  lining,  and  on  its  general  convenience. 

HABVET  FTJBNACE. 

Harvey ,"<»  an  English  designer,  has  described  a  design  in  which 
the  furnace  is  cylindrical,  with  a  rounded  bottom  and  an  open  top, 
which  is  closed  by  a  door  carrying  a  solid  resistor  or  electrodes,  be- 
tween which  an  indirect  arc  is  struck.  The  furnace  is  pivoted  at  the 
bottom  and  is  inclined  on  its  side,  resting  on  a  support,  as  shown  in 
figure  12.  The  furnace  is  then  rocked  or  rotated  to  wash  as  much 
as  possible  of  the  walls  with  the  metal. 

The  use  of  a  solid  resistor  supported  in  this  way  seems  hardly  prac- 
ticable, and  the  electrodes  for  an  indirect-arc  form  would  be  in  an 
inconvenient  and  cramped  position. 

HOSKIKS  OVEBHEAD-BESISTOB  TILTIKO  FTXBNAGE. 

A  Hoskins  furnace  with  resistor  over  the  bath  was  tested  on  brass, 
two  tests  being  made  in  1913  and  1914  at  the  plant  of  the  Hoskins 

Manufacturing  Co.,  Detroit,  at  both  of  which  a  representative  of  the 

I        -  -  -      .  .       , .      -■,.-,.-,■    -  ■     „  -       — ^ — . ^    ■ ,  ■  - 

^^  Thomson,  J.,  Personal  communication,  Apr.  30,  1020. 
«•  Harvey,  I*.  C,  tJ.  S.  Patent  1,837,830.  Apr.  20, 1020. 
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Bureau  of  Mines  was  in  attendance.  Further  tests  were  made  in 
ldl5  by  the  bureau  in  tlie  Cornell  laboratories  at  the  bureau's  field 
office  in  Ithaca. 

IBia  lEBI. 

The  furnace  had  been  designed  for  melting  nickel-chromiiun  alloys 
and  consisted  of  a  rectangular  iron  box  built  up  from  sheet  iron  and 


angle  iron  37  by  38  by  33  inches  high  and  had  a  cover  30  by  31  by  7 
inches  thick.  Figure  13  is  a  diagrammatic  sketch  showing  the  prin- 
ciple. The  shell  was  lined  with  infusorial  earth  for  about  1^  indua, 
then  with  li  inches  of  crushed  magneeite,  and  then  with  4  inches  of 
magnesite  brick.    A  melting  hearth  13  inches  square  and  about  6 
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inches  deep  was  covered  smoothly  with  magnesite.  This  hearth  was 
provided  with  a  pouring  spout  also  lined  with  magnesite,  which 
led  into  a  lip  provided  on  the  furnace  shell.  This  spout  had  also 
to  serve  as  the  charging  door,  althou^  the  opening  was  only  about 
6  inches  in  diameter. 

Over  the  melting  hearth  the  sides  were  so  built  up  of  magnesite 
bricks  as  to  give  an  opening  about  15  inches  square.  Two  opposite 
sides  had  the  bricks  so  placed  as  to  form  ledges  for  the  support  of 
the  resistor.    This  resistor  consisted  of  some  60  flat  carbon  plates 


U/dJtt^'. 


77/7777777A 


FiouRB  18. — Diagram  of  Hoaklns  overhead-resistor  tilting  furnace:  a.  Carbon  resistor 
plate ;  (^  graphite  front  plate ;  o,  graphite  electrode ;  i,  flre-aand  pocket ;  e,  infusorial 
earth ;  1,  magnesite. 

^  by  ^  by  15  inches,  placed  side  by  side,  thus  giving  a  carbon  re- 
sistor 15  by  15  by  2^  inches  high  over  the  hearth. 

At  the  sides  graphite  ^'  push  blocks  "  were  provided,  by  means  of 
which,  as  they  were  crowded  in  or  loosened  by  the  screw^regulating 
device,  the  contact  resistance  of  the  plates  in  the  resistor  could  be 
altered  at  will. 

The  lower  surface  of  the  carbon  resistor  was  6  inches  from  the  bot- 
tom of  the  melting  hearth.  The  roof  or  cover,  which  could  be  lifted 
off  bodily  by  a  eraae,  was  1  inch  above  the  upper  surface  of  the  carfo<Mi 
resistor  and  consisted,  next  to  the  resistor,  of  a  layer  of  carbon  slabs 
1^  indies  thick.  Above  the  carbon  slabs  was  8^  inches  of  fine  mag- 
nesite, and  above  this  infusorial  earth  1^  inches  thidc  at  the  edges  of 
the  coY^  and  crowned  up  to  2|  inches  or  3  inches  at  the  center. 
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Two  different  alloys  were  melted  in  the  furnace,  the  first  having 
approximately  the  following  composition :  Cu,  88.4  per  cent ;  Sn,  7.3 
per  cent;  Pb,  2.0  per  cent;  Zn,  2.3  per  cent.  This  is  one  grade  of 
leaded  gun  metal ;  it  should  mitit  at  about  985^  C.  and  will  be  called 
"  alloy  A."  The  other  alloy,  which  will  be  called  "  alloy  B,"  had 
approximately  the  following  composition:  Cu,  76  per  cent;  Sn,  1 
per  cent ;  Pb,  1  per  cent ;  Zn,  22  per  cent.  This  alloy  is  about  mid- 
way between  ordinary  red  and  yellow  brass  and  would  be  commer- 
cially termed  a  ^^  half -yellow  half-red  "  metal,  which  should  melt  in 
the  neighborhood  of  920°  C. 

The  current  was  brought  in  at  220  to  240  volts  and  was  run 
through  transformers  giving  the  ratio  of  27^  volts  on  the  secondary 
to  220  volts  on  the  primary.  A  recording  watt-hour  meter  was 
provided,  which  was  connected  back  of  the  transformer,  so  that 
the  consumption  of  power  recorded  below  includes  all  transformer 
and  lead  losses  as  well  as  the  power  actually  used  in  the  furnace  itself. 
The  results  of  the  test  are  given  in  Table  24. 

Table  24. — 191S  test  on  Hoskins  overhead^reaistor  furnace. 


Heat  No. 


la 

2.. 

3.. 

4.. 

6.. 

6.. 

7.. 


Total. 


Power  on. 


8.15  a.  in. 
U.ld  a.m. 
12.30  p.  m. 

1.53  p.  m. 

2.33  p.  m. 

3.27  p.  m. 

4.05  p.  xn. 


Power  off. 


11.00  a.  m. 
11.55  a.m. 

1.40  p.  m. 

2.23  p.  m. 

3.14  p.  m. 

3.54  p.  m. 

4.36  p.  m. 


Alloy 
used. 


A 

B 
A 

B 
A 

B 
A 


Weight 
of  charge. 


Pimndt. 

mi 

951 
96 

93! 

95 

93 


668 


Material 
charged. 


Gates. 
...do.. 

InKot. 
...do*. 
...do.. 
...do.. 
...do.. 


Pouring 

temper^ 

tures. 


•  C. 
1,210 
1,065 
1,220 
1,120 
1,210 
1,125 
1,220 


Kw.h. 
used. 


115 
33 
47 
23 
32 
21 
24 


£296 


Ayerago 
lew.  in- 
put.^ 


42 
47 
40 
46 

49 
48 
48 


a  Furnace  first  heated  empty.    Chardng  begun  at  8.46  a.  m. 

b  The  furnace  was  cold  at  start  and  when  first  started  up  took  28}  volts,  1,400  amperes,  about  40  kw. 

c  Average  885  kw.  h.  per  ton. 

Of  the  charge  658^  pounds  of  metal  were  recovered,  the  loss  being 
1.4  per  cent.  It  appeared  from  this  test  that  a  higher  power  input 
would  be  desirable,  that  the  hearth  should  be  of  greater  capacity,  and 
the  charging  door  should  be  enlarged.  These  changes  were  made 
and  another  test  was  run  at  the  plant  of  the  Hoskins  Manufacturing 
Co.  in  1914,  at  which  one  of  the  writers  was  again  present. 

1914  TEST. 


The  furnace  was  rebuilt  by  deepening  the  hearth,  so  that  instead 
of  its  bottom  being  but  6  inches  from  the  bottom  of  the  resistor 
blades,  it  was  1(>|  inches  from  them  in  the  center  and  8  inches  at 
the  sides.  The  molten  charge  was  about  4  indies  deep  at  the  center. 
The  pouring  spout  and  charging  hole  was  increased  in  size  to  an 
oval  hole  7^  by  5  inches,  and  the  opening  into  the  furnace  was  tapeved 
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back  so  that  all  parts  of  the  hearth  could  be  seen  and  could  be  reached 
easily  with  a  poker.  By  slightly  tilting  the  furnace  back  it  could 
be  readily  charged.  Instead  of  a  maximum  of  55  to  60  kw.,  which 
was  all  the  power  available  in  the  first  test,  up  to  85  or  90  kw.  could 
be  drawn. 

The  blades  were  supported  on  two  carborundum.  (Befrax)  slabs 
2  inches  thick  by  4  inches  wide  by  16  inches  long,  so  laid  that  about 
1  inch  of  the  slab  extended  out  beyond  the  inner  wall  of  the  furnace. 
On  top  of  the  slabs  was  put  i  inch  of  magnesite  cement  to  reduce 
leakage  of  current  through  the  slabs.  The  damp  cement  was  cov- 
ered with  thin  strips  of  cardboard  to  prevent  the  blades  from  sinking 
into  the  magnesite  before  it  was  dry.  It  was  found  to  be  more  con- 
venient to  build  the  furnace  so  as  to  allow  a  2-inch  space  between 
the  top  of  the  resistor  blades  and  the  bottom  of  the  carbon  slabs  in 
the  cover  instead  of  the  1-inch  space  \i6ed  in  the  previous  test.  Tests 
on  red  and  yellow  brass  are  shown  in  Tables  25  and  26. 

Before  the  test  of  Table  25  the  furnace  was  heated  up  slowly  for  a 
short  time  till  the  melting  chamber  showed  a  dull  red,  in  order  to  dry 
out  the  new  hearth.  The  furnace  was  not  brought  up  to  full  running 
temperature  and  was  only  at  95**  C.  the  next  morning. 


Tablb  25. — 1914  test  of  HoshinB  overhead-^reHstor  furnace  <m  red  hrasB. 

[An  alloy  of  83  per  cent  Cu,  7  per  cent  Zn,  4  per  cent  Sn.  and  6  per  cent  Pb  was  melted,  ingot  metal  being^ 

oharged.] 


Heat  No. 


1. 
3. 

3. 

4. 

6. 
6. 


Total. 


Power  on* 


{ 


7.13  a.m. 
9.50  a.m. 
11.15  a.m. 
12.47  p.  m. 
1.15  p.m. 
3.28  p.  m. 
3.45  p.  m. 


Powwofl. 


9.33  a.m. 
10.51  a.m. 
12.00  m. 

1.00  p.  m. 

2.16  p.  m. 

8.24  p.  m. 

4.50  p.  m. 


Weight 
of  charge. 


Pounds. 
231i 


} 


300 

300 
300 
300 


l,713i 


Pouring 
tempera- 
ture. 


»  C. 
1,200 
1,180 

1,200 

1.160 
1,300 
1,150 


Kw.  h. 
used. 


163 
81 

63 

65 
49 
52 


0  473 


Average 
kw.  h. 
input. 


70 
83 

63 

65 
53 
45 


a  Average  555  kw.  h.  per  ton. 

Metal  losses  were  not  taken,  since  a  crack  developed  at  the  upper 
part  of  the  hearth,  through  which  considerable  metal  was  lost  into  the 
furnace  lining. 

The  test  on  yellow  brass,  given  in  Table  26,  was  made  the  next  day 
after  the  test  of  Table  25  and  started  with  the  furnace  chamber  at 
540^  C,  no  power  having  been  used  at  night.  Ingot  metal  of  66 
per  cent  copper,  33  per  cent  zinc,  and  1  per  cent  lead  was  melted. 
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Tabt^  26. — 13H  test  of  Hoakina  overhead-resistor  furnace  on  yellow  hrau. 


Heat  No. 


J.. 

3.. 
3.. 
4.. 
fri. 
6.. 
7*. 
8e. 


Total. 


Power  on. 


7.08  a.m.. 
8.52  a.m.. 
10.08  a.m. 
11.03  a.m. 
12.80  p.m. 

1.19  p.  m. . 

2.20  p.m.. 
3Jl8p.  m.. 


Power  off. 


8.40  a.m.. 
9.62  a.m.. 
10.50  a.m. 
11.51a.m. 
1.08  p.m.. 
2.00  p.m.. 
ZM  p^  m. . 
4.02  p.m.. 


Weight 
of  charge. 


Pottiub. 
256.50 
250.00 
260.26 
252.75 
260.76 
260.00 
280.00 
255.00 


2,014.25 


Pooijng 

tempera- 
tcre. 


1,060 
1,070 
1,060 
1,070 
1,060 
1,050 
1,060 
1,050 


Kw.  h. 
used. 


100 
64 
44 

49 
86 
50 
44 
35 


d421 


AT<vage 

kw. 

b^t. 


66 
64 

67 
61 
66 
60 
78 
48 


a  Part  of  metal  eharged  at  12.10  p.  m. 
ft  Power  input  increased  on  this  neat, 
e  Power  input  lowered  on  this  heat. 
d  Average,  420  kw.  h.  per  ton. 

The  metal  poured  weighed  just  a  ton,  the  loss  being  0,7  per  cent 
and  varying  on  individual  heats  from  0.6  to  0.8  per  cent.  The 
charges  were  reduced  to  250  poimds  on  this  run  in  order  to  keep  the 
metal  level  below  the  crack  in  the  hearth  and  to  make  it  possible  to 
obtain  figures  on  the  loss  in  metal. 

On  both  these  tests  the  time  occupied  in  pouring  was  excessive, 
as  suitable  ladles  were  not  at  hand.  Without  this  delay  2,000  pounds 
of  red  brass  or  2,500  pounds  of  yellow  brass  could  have  been  melted 
^in  a  9-hour  day.  This  would  have  made  it  possible  to  melt  red 
brass  on  9-hour  operation  with  about  500  kw.  h.  per  ton  and  yellow 
brass  with  about  400  kw.  h.  per  ton.  Had  the  hearth  been  tight,  so 
that  300-pound  charges  of  yellow  brass  could  have  been  made,  the 
production  should  have  been  about  2,700  pounds  at  something  under 
400  kw.  h.  per  ton.  On  24-hour  operation  the  300-pound  furnace 
should  operate  at  about  335  kw.  h.  per  ton  of  red  brass  heated  to 
1,200°  C,  or  276  kw.  h.  per  ton  of  yellow  brass. 

The  resistor  (which  was  made  up  of  the  same  plates  as  were  used 
in  the  1913  test),  the  carborundum  slabs,  and  all  parts  of  the  fur- 
nace were  in  good  shape  save  for  the  crack  in  the  hearth. 

The  increase  in  furnace  capacity  and  in  power  input  had  made  the 
furnace  much  more  efficient  than  it  was  in  the  1913  test.  Through 
the  courtesy  of  the  Hoskins  Manufacturing  Co.  the  furnace  shell 
was  loaned  to  the  Bureau  of  Mines  for  further  experiments. 

While  the  carborundum  ledges  on  which  the  resistor  plates  rested 
were  in  good  condition  after  these  runs,  the  ledges  gave  trouble  from 
spalling  when  the  furnace  was  used  later  by  the  Hoskins  Manu- 
facturing Co.  for  melting  nickel-chromium  alloys.  The  furnace  was 
not  used  enough  on  nickel-chromium  alloys  to  i^ow  how  serious  this 
difficulty  was;  carbon  flaked  off  from  the  resistor  and  dropped  into 
the  bath,  doing  no  damage  on  brass,  but  great  damage  on  nickel- 
chromium  alloys. 
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Two  carbon  rafters  were  placed  over  the  hearth,  pure- white  alun- 
diiin  slabs,  the  most  refractory  grade,  ^  inch  thick,  were  put  over 
tLem  for  electrical  insulation,  and  carborundum  slabs  1  inch « thick 
were  placed  on  top  of  the  alundum.  If  the  resistor  plates,  which  ran 
at  above  1,800°  C,  were  put  directly  on  the  alundum,  the  alundum 
was  attacked  and  some  aluminum  carbide  and  nitride  was  formed. 

In  order  to  increase  the  voltage  required,  124nch  resistor  plates 
were  used  instead  of  the  former  16-inch  plates.  A  run  was  msule  on 
red  brass  of  81^  per  cent  copper,  8J  per  cent  zinc,  4:  per  cent  tin,  6 
per  cent  lead,  made  up  of  about  40  per  cent  scrap  copper,  lead,  and 
tin,  40  per  c^at  yellow  chips,  and  20  per  cent  gates.  The  furnace  was 
cold  at  the  start.  The  metal  was  poured  at  1,120^  C.  The  results 
of  the  test  are  given  in  Table  27. 

Table  27. — Test  of  Hoskms  overhead-resistor  furnace  made  hp  the  Bureau  of 

Mines, 


Heat  No. 


1.. 
3.. 
30. 
4.. 
6.. 


Total. 


Power  on. 


8.00  a.  in.. 
11.00  a.  m. 
1.00  p.  m. . 
2.18  p.m.. 
3.43  p.  m. . 


Power  off. 


10.52  a.m. 
12.19  p.  m. 
2.11  p.  m. . 
8.38  p.m.. 
4JS8  p.  m. . 


Weight  of 
obtfge. 


Pottiub. 
300 
300 
300 
800 
300 


1,500 


Kw.  h. 
used. 


172 
68 
61 
66 
59 


e426 


Averase 
kw.  h. 
input.' 


60 
62 
58 
51 
47 


nnUTAOE  AT  675" 

0.  V£XT  XOBVnrQ;  VO  POWER  OH  OYSBinOBV. 

1 

8.00  a.m.. 
10.15  a.m. 
11.48  a.m. 

9.57  a.m.. 
1135  a.m. 
12.26  p.m. 

.  300 
300 
206 

113 
87 
38 

67 

2 

66 

3 --- - -- 

60 

Total 

806 

<i238 

a  With  the  ftirnaoe  hot  from  the  previous  dar's  run,  the  first  two  heats  used  but  200  kw.  h.  and  took  3 
hours  and  35  minutes  against  240  kw.  h.  and  4  hours  and  19  minutes  when  starting  with  a  cold  fomaoe. 
Therefore,  on  regular  iC^hour  operatioii  the  power  consumption  would  drop  40  kw.  h.  on  the  first  two 
heats,  and  40  kw.  h.  could  be  used  on  a  200-poixiid  heat  at  the  end,  so  that  the  output  would  be  1,700  pounds 
with  425  kw.  h.,  or  500  kw.  h.  per  ton. 

h  Charge  in,  no  power  on  at  12.24  p.  m. 

«  Average,  520  |rw.  h.  per  ton. 

'  Average,  580  kw.  h.  per  ton. 

These  energy  figures  check  those  calculated  from  the  previous  run 
on  red  brass.  A  higher  power  input  was  used  on  the  previous  run, 
which  would  give  a  higher  efficiency,  other  things  being  equal,  but 
the  metal  was  not  heated  as  hot  as  in  the  previous  run.  Other  tests 
gave  similar  results  to  the  one  above  cited.  Notwithstanding  that 
the  borings  were  oily  and  the  gates  and  scrap  somewhat  dirty,  the 
gross  metal  loss  on  these  runs  was  1.9  per  cent. 

The  figures  of  consumption  of  power  and  of  the  metal  loss  are  low 
enough  on  this  type  of  furnace  to  make  it  a  possible  competitor  of 
fuel-fired  furnaces,  as  crucibles  are  eliminated.    But  the  furnace  has 
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several  drawbacks.  The  resistor  will  require  replacement  from  time 
to  time  and  to  replace  it  without  allowing  the  furnace  to  cool  would 
be  difficult.  In  the  small  300-pound  size  only  a  small  charging  door 
can  be  provided,  so  that  much  labor  is  required  to  charge  the  fur- 
nace. As  the  capacity  is  increased  the  mechanical  difficulties  in 
supporting  the  resistor  increase,  so  that  a  self -supporting  resistor 
of  the  Thomson  type — ^if  that  proves  practical — ^would  be  preferable 
for  large  furnaces,  even  at  the  sacrifice  of  the  many  advantages  of 
a  resistor  whose  resistance  can  be  adjusted. 

The  overhead-resistor  furnace  with  a  resistor  nearly  as  large  as 
the  surface  of  the  hearth,  worked  satisfactorily  on  800-poimd  charges 
of  yellow  brass,  showed  no  signs  of  surface  overheating,  and  re- 
quired no  agitation  of  the  metal  to  prevent  zinc  losses.  The  ques- 
tion of  uniformity  of  product  was  not  studied.  The  agitation  in 
the  Thomson  furnace  may  be  needed  because  of  the  small  radi- 
ating area  of  the  resistor,  which  gives  a  more  localized  source  of 
heat.  It  is  a  question  how  much  effective  stirring  a  slight  gyrating 
motion  will  give.  If  it  mixes  the  metal,  it  might  be  a  desirable 
feature  on  a  large  furnace  with  a  rather  deep  bath  in  which  gravity 
may  cause  the  alloy  to  be  richer  in  heavier  constituents  at  the  bottom 
of  the  crucible. 

HOSKINS   TILTING  FTTBNACE    WITH   BESISTOBS  AT  THE   SIDES. 

After  the  Hoskins  Manufacturing  Co.  found  that  the  overhead 
resistor  would  slowly  disintegrate  and  allow  carbon  powder  to  drop 
into  the  bath,  thus  ruining  their  nickel-chromium  alloys,  another 
tilting  furnace  was  built  in  which  the  hearth  was  placed  between 
and  below  two  rows  of  resistor  blades  set  upright  on  two  sides  of 
the  furnace,  a  carborundum  slab  about  1  inch  thick  and  4  inches 
high  being  placed  outside  and  1  inch  away  from  each  row  of  re- 
sistor plates,  resting  on  the  carborundum  bricks  on  which  the  re- 
sistors also  rested.  The  purpose  was  to  form  a  pocket  to  catch  any 
carbon  powder  that  fell  off  the  resistors  and  prevent  it  from  dropping 
into  the  bath.  This  furnace  was  never  tried  for  brass,  and  little  work 
was  done  in  it  for  nickel-chromium  alloys,  as  an  induction  furnace 
was  installed  and  attention  was  diverted  to  that  type.  Some  diffi- 
culties were  encountered  in  maintaining  the  refractories  back  of  the 
resistor  and  in  the  roof.     . 

FTJBNACBS  WITH  CABBOBUNBUM  BESISTOBS. 

Silicon  carbide  (carborundum  or  crystolon)  is  the  only  refractory 
material,  save  carbon  or  graphite,  available  in  commercial  quantities 
that  does  not  fuse  or  soften  at  2,200°  C,  is  not  affected  by  a  reducing 
atmosphere  at  that  temperature,  and  is  oxidized  very  slowly.  It  can 
be  made  into  bricks  or  shapes,  and  its  resistivity  at  around  2,000°  C. 
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is  of  the  same  general  order  as  that  of  a  granular  carbon  resistor. 
It  has  been  often  suggested  as  a  resistor  material  for  electric  furnaces. 

Unlike  carbon,  when  cold  the  resistance  of  silicon  carbide  is  very 
high  and  the  slope  of  its  temperature-resistivity  curve  is  great.  It  is 
therefore  necessary  either  to  impress  a  very  high  voltage  on  the  re- 
sistor when  starting  from  the  cold  or  to  preheat  the  carborundum  to 
a  red  heat,  when  it  will  begin  to  carry  current  at  a  reasonable  voltage. 

Both  the  General  Electric  Co.  and  the  Westinghouse  Co.  have  ex- 
perimented with  carborundum  resistors,  and  Thornton  ^^  has  de- 
scribed such  a  resistor  for  use  in  electric  furnaces  for  heating  steel, 
for  forging,  heat  treatment,  and  annealing.  He  says  that  it  might  be 
possible  to  apply  such  41  furnace  to  the  melting  of  brass  and  copper. 

When  a  carborundum  trough  is  used,  as  in  the  Baily  furnaces,  to 
contain  a  resistor  of  granular  carbon,  it  carries  current  and  becomes, 
in  effect,  a  part  of  the  resistor.  In  designing  an  electric  furnace  in 
which  carborundum  is  to  be  used  as  a  refractory  lining  it  is  necessary 
that  suitable  insulation,  such  as  alundum,  should  be  used  where  hot 
earbomndum  would  allow  a  flow  of  current  at  points  where  such 
flow  is  not  desired. 

EXPERIMENTAL  CABBO&XrNDUM  &ESISTO&  VTJBNAOE. 

The  work  of  the  Bureau  of  Mines  on  the  triple  lift-out  Hoskins- 
type  furnace  showed  the  advantages  of  generating  heat  within  the 
mass  to  be  heated  instead  of  outside  it.  As  a  result  it  seemed  probable 
that  if  a  furnace  could  be  made  in  which  the  metal  was  contained  in 
two  hearths,  with  a  resistor  between  them  and  in  contact  with  the 
metal  in  both  hearths,  it  would  be  thermally  efficient.  Obviously 
such  a  resistor  made  as  a  septum  between  two  hearths  should  be  metal 
tight,  and  hence  should  be  built  permanently  into  the  masonry  of  the 
furnace ;  it  could  not  be  made  of  any  short-lived  material.  It  should 
have  a  high  specific  resistance,  as  its  cross  section  must  be  large  com- 
pared to  its  length.  Fine  carborundum  powder,  mixed  with  10  per 
cent  of  alundum  cement  to  increase  the  resistance  of  the  mixture, 
bonded  with  a  little  dextrin,  was  tried  as  a  resistor  material. 

The  furnace  was  made  of  an  old  cast-iron  sink  lined  with  fire 
brick,  to  give  a  chamber  about  9  by  22  by  9  inches.  This  was  di- 
vided into  two  hearths  9  by  9  by  9  inches  by  a  central  septum  4 
inches  thick,  which  was  built  as  follows:  Two  split  carborundum 
brick  (Refrax)  9  by  4rJ  by  4^  inches  were  set  up  1-|  inches  apart 
and  cemented  in  place  by  alundum  cement.    The  space  between  them 

was  rammed  full  of  the  dampened  carborundum,  alundum,  dextrin 

■  ■  ■        .  II  ■■■»■■  I         ■■         I  ■  ■  . 

i« Thornton,  F.,  Jr.,  A  resistance  furnace:  Trans.  Am.  Slectrochem.  Soc,  vol.  32,  1017» 
pi  141 ;  see  also  Tbomton,  F.,  Jr.,  and  ColtJQr,  O.  A.,  U.  S.  Patents  1,306,289,  l,306,260v 
and  l,d06,251,  Jane  10,  1919. 
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mixture,  which  was  then  baked.  Two  other  split  carborundum  bride 
(Befrax)  were  placed  on  top  of  the  others,  cemented  into  place,  and 
the  space  between  them  was  rammed  full  of  alundum  cement,  which 
was  then  baked. 

The  furnace  then  contained  two  hearths,  each  a  9-inch  cube,  sepa- 
rated by  a  septum  4  inches  thick,  the  upper  half  of  which  had  a 
nonconducting  alundum  layer  inside  it  and  so  could  not  act  as  a 
resistor,  but  the  lower  half  was  solid  carborundum  on  the  sides  and 
carborundum  plus  a  little  alundum  tamped  in  the  center.  Graphite 
electrodes  were  set  vertically  into  each  hearth,  so  that  with  the 
septum  hot  enough  to  carry  current  and  the  hearths  half  full  of 
molten  metal  the  current  would  enter  one  alectrode,  pass  through 
the  metal  in  one  hearth,  through  the  resistor,  out  into  the  metal  in 
the  other  hearth,  and  thence  out  the  other  electrode. 

A  Y  spout  connected  each  hearth  to  a  central  pouring  spout  and 
the  furnace  was  arranged  to  tilt  for  pouring.  The  resistor  was 
heated  by  placing  granular  carbon  in  each  hearth  and  bridging  over 
the  septum  with  a  graphite  U ,  one  leg  of  which  reached  down  into 
the  granular  carbon  on  each  side.  Current  was  turned  on  and  the 
furnace  warmed  up  by  the  granular  carbon.  After  the  septum  (the 
resistor)  was  hot  enough  to  carry  current  the  graphite  U  was  pulled 
out,  the  granular  resistor  dimiped  out,  and  brass  borings  were 
charged  into  each  hearth  to  make  connection  between  electrodes  and 
resistor.  The  furnace  took  2,000  amperes  at  about  6  volts;  that  is^ 
about  12  kw.  The  power  input  could  not  be  raised,  as  2,000  am- 
peres was  the  limit  of  the  power  supply.  Most  of  the  furnace  lining 
was  still  rather  cool;  hence  the  power  input  was  only  adequate  to 
partly  fuse  the  brass  borings  and  to  stick  them  together  near  the 
resistor. 

The  furnace  was  cooled,  the  brass  taken  out,  and  a  test  made  with 
aluminum,  as  it  was  obvious  that  2,000  amperes  would  not  give 
power  enough  to  melt  brass. 

The  furnace  was  preheated  with  the  graphite  U  in  place  and  with 
granular  carbon  in  the  hearths,  12^  kw.  h.  being  thus  used.  The  U 
was  then  removed  and  the  current  was  passed  through  the  granular 
resistor  and  septum  to  heat  the  furnace  more ;  lOf  kw.  h.  were  thus 
used,  or  a  total  of  23^  kw.  h.  preheat.  The  granular  resistor  carbon 
was  then  dumped  out  and  borings  and  ingot  of  92  per  cent  aluminum 
and  8  per  cent  copper  were  put  in  as  rapidly  as  the  furnace  would 
melt  them.  In  1^  hours  51^  pounds  of  the  aluminum  alloy  had  been 
melted,  raised  to  720°  C,  and  poured ;  27^  kw.  h.  were  used  in  melt- 
ing, or  a  grand  total  of  50J  kw.  h.  from  the  cold  start. 

The  voltage  fell  to  about  8,  with  2,000  amperes  flowing,  in  about 
10  minutes  after  the  cold  metal  had  first  been  charged  and  ran  very 
steadily  at  those  figures.   The  voltage  was  taken  across  the  electrodes, 
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but  the  kw.  h.  of  figures  include  also  all  lead  losses.  Probably  half 
of  the  voltage  drop  was  due  to  the  resistance  of  the  molten  alumi- 
num. 

Considering  the  small  size  and  the  low  power  input  of  the  furnace 
and  the  absence  of  a  roof,  the  hearths  being  left  open  to  the  air  to 
permit  of  observation,  the  power  consumption  alone  was  not  un- 
promising; the  high  current  required,  however,  made  the  furnace  use- 
less, and  it  was  torn  down.  The  carborundum  in  the  center  of  the 
jesistor  had  formed  into  larger  crystals  and  had  begun  to  decompose 
into  silicon  and  graphite,  showing  that  in  the  center  of  a  4*inch  re- 
sistor, both  sides  of  which  were  in  contact  with  metal  at  not  over 
720"^  C,  a  temperature  of  over  2,200''  C.  had  been  reached. 

For  any  such  design  to  be  of  value  some  resistor  material  or  mix- 
ture of  materials  of  high  resistance,  of  high  melting  point,  and  of 
high  thermal  conductivity  is  required. 

Tungsten  powder  might  make  a  good  material  for  such  a  resistor, 
as  it  melts  at  about  3,000^  C.  and  has  a  high  thermal  conductivity; 
but  its  electrical  resistance  is  too  low  and  it  would  have  to  be  mixed 
with  some  refractory  nonconductor.  Chemically  pure  zirconia  mi^it 
serve  for  this  purpose,  as  most  chemically  pure  metallic  oxides  are 
nonconductors  at  high  temperatures,  and  pure  zirconia  is  said  to  melt 
only  at  about  2,600°  C.  Zirconia,  however,  has  a  low  thermal  con- 
ductivity. The  cost  of  these  materials  makes  any  attempt  at  work- 
ing out  tiiis  plan  for  a  brass  furnace  out  of  the  question  at  present. 

It  was  found  later  that  Massip  ^*  had  suggerted  a  similar  type  of 
furnace,  but  no  data  are  available  concerning  it.  Two  brass  furnaces 
using  carborundum  resistors  have  be^i  described  in  the  patent  litera- 
ture. 

WSIPSNXBJUi  7UBKACE. 

Weidenthal*®  describes  a  cylindrical  tilting  furnace  for  melting 
brass,  bronze,  and  aluminum,  the  axis  of  the  cylinder  being  vertical. 
The  hearth  is  in  the  bottom  of  the  furnace,  and  three  groups  of  verti- 
cal-rod resistors  for  three-phase  current  are  set  upright  around  the 
inside  of  the  furnace  chamber,  above  the  hearth.  An  arched  roof  re- 
flects the  heat  downward  np<m  the  bath.  The  resistor  rods  are  made 
of  carborundum  fire  sand  suitably  bonded,  with  an  outer  coat  of  pure 
carborundum.  When  cold,  carborundum  is  practically  a  noncon- 
ductor of  electricity,  but  when  raised  to  a  white  heat  it  conducts  the 
current  nearly  as  well  as  carbon ;  it  is  necessary  as  a  result  to  provide 
some  means  for  heating  the  resistors  when  starting  from  the  cold. 
At  least  one  resistor  in  each  phase  is  made  hollow  and  is  filled  with 

» ICaralp,  O.,  U.  S.  Patent  14N»  J29,  Oct.  10,  1911. 
» Weidenthal,  H.  G.,  U.  8.  Patent  1,8«M25,  May  20,  1919, 
68723»--22 8 
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a  granular  carbon  resistor  that  carries  the  starting  current.  As  the 
adjacent  resistors  become  heated  by  the  radiation  from  the  cored 
starting  resistor  they  also  begin  to  carry  current  and  finally  all  be- 
come hot  and  carry  current. 

The  resistors  stand  upon  a  ring-shaped  carbon  or  graphite  elec^ 
trode  embedded  in  the  bottom  of  the  furnace.  The  upper  ends  of  the 
resistors  stick  out  of  the  roof  of  the  furnace  and  are  there  clamped 
to  the  conductors.  On  account  of  the  liability  of  such  a  resistor  to 
break,  the  system  of  connections  has  been  designed  to  allow  the  ready 
replacement  of  any  resistor  rod  that  has  failed. 

It  is  not  clear  how  particles  of  resistor,  of  refractory  lining,  or  of 
other  dirt  are  to  be  kept  from  falling  down  on  the  lower  electrode  when 
a  ruined  resistor  rod  is  withdrawn  for  replacement,  nor  is  it  plain  how 
such  particles  are  to  be  cleared  away  before  inserting  a  new  resistor. 
The  presence  of  such  particles  would  prevent  proper  contact  between 
the  electrode  and  resistor.  If  any  tests  have  been  made  on  this  fur- 
nace no  results  have  been  made  public. 

The  question  of  the  uniform  molding  of  a  molded  resistor,  such 
as  carbon  graphite  or  carborundum,  which  have  negative  tempera- 
ture coefficients  of  resistivity,  is  involved  in  such  a  resistor.  Unless 
they  are  uniform  the  old ''  hot-spot "  trouble  will  be  encountered. 

The  furnace  walls,  against  which  the  resistors  are  placed,  would 
have  to  be  extremely  refractory  to  stand  up  under  the  resistor  tem- 
perature required  to  melt  brass  in  such  a  furnace  with  reasonable 
efficiency. 

Krieger  '^  suggests  the  use  of  carborundum  plus  a  small  amount  of 
powdered  metallic  silicon  (6  per  cent),  with  or  without  a  smaller 
amount  (^  to  2  per  cent)  of  powdered  metals  of  the  iron  or  silicon 
groups.  The  mixture  is  bonded  with  a  temporary  binder,  such  as 
tar  or  glucose,  pressed  into  shape,  and  baked.  The  silicon  is  said  to 
form  an  oxidation-resisting  coating  on  the  outside  and  to  give 
sufficient  electrical  conductivity  to  the  mass  to  allow  ready  starting 
from  the  cold.  Such  a  resistor  is  said  to  be  capable  of  operating 
unchanged  in  the  air  at  a  temperature  of  1,500^  C. 

EBICHSEK  FimNAGE. 

Erichsen  ^^  suggests  a  tilting  brass  furnace  in  which  the  metal  is 
held  in  a  rather  flat,  shallow  hearth,  heating  being  done  by  one  or 
two  rows  of  carborundum  rod  resistors  over  the  metaL  Above  the 
resistors  is  a  preheating  chamber,  the  floor  of  which  forms  a  false 
roof  over  the  resistors.  This  floor  is  sloped  so  that  the  preheated 
metal  may  be  poked  down  (or  run  down  if  it  melts)  into  the  hearth 

through  an  opening  in  the  center  of  the  floor. 

M      -  ■  -  -  * 

*>  Krieger,  M.  L,  (Soc.  Veclairage  ^ectrlque),  French  Patent  497,805  of  Apr.  4,  1919. 
»  Erichsen,  A.  M.,  U.  8.  Patent  1,367.864.  Feb.  1.  1921. 
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The  resistors  are  placed  on  each  side  of  the  space  below  this  open- 
ing, but  not  directly  beneath  it,  to  avoid  breakage.  The  preheating 
chamber  is  roofed  over  and  the  furnace  is  charged  through  the  roof, 
or  the  preheating  chamber  may  be  omitted  when  the  roof  over  the 
resistors  is  the  roof  of  the  furnace.  In  that  case  charging  may  be 
done  either  through  the  center  of  the  roof,  the  resistor  rods  being 
arranged  as  before,  or  the  resii^ors  may  be  placed  all  along  the 
furnace  and  the  charge  introduced  from  the  side,  below  the  resistors. 

The  resistors  are  to  extend  clear  through  the  furnace  and  are  to 
l^>e  freely  movable  to  allow  expansion  and  contraction  without 
breakmg. 

On  account  of  the  complicated  construction  in  the  hot  zone  and  the 
many  difficulties  connected  with  the  use  of  carborundum  resistors  the 
value  of  this  furnace  seems  doubtful. 

BIBZTTWEIT    FTTBNAGE. 

Some  years  ago  a  brass  furnace  of  the  tapping-hearth  type  of 
800  pounds  capacity  was  erected  at  the  plant  of  the  Baltimore  Tube 
Co.  by  J.  F.  Dirzuweit.  This  was  provided  with  three  arched 
troughs  for  three-phase  current,  raised  above  the  hearth  on  refrac- 
tory piers  and  containing  granular  carbon  resistors.  Great  trouble 
was  encountered  with  "hot  spots"  in  the  resistor,  and  the  furnace 
showed  an  excessive  power  consumption.  After  about  2  tons  of  metal 
had  been  melted  the  furnace  was  abandoned. 

BAHiT   TILTING    FUBNACE. 

r 

Of  all  the  furnaces  so  far  described  in  this  report  many  have  ex- 
isted only  on  paper,  a  few  have  had  laboratory  tests,  still  fewer  have 
been  tried  out  under  foundry  conditions,  and  not  one  has  yet  had 
any  steady  commercial  use  for  brass  melting.  The  next  furnace  on 
the  list,  the  Baily,^^  has  had  commercial  success.  The  present  Baily 
tilting  furnace  is  the  outgrowth  of  the  unsuccessful  experiments 
made  with  the  different  types  of  former  Baily  furnaces  previously 
described. 

This  Baily  furnace,  like  its  predecessors,  uses  a  granular  resistor. 
Hirsch  '^  made  an  exhaustive  study  of  granular  resistors  and  came  to 
the  conclusion  that  any  attempt  to  make  a  granular-resistor  furnace 
for  heating  steel  for  forging,  with  the  steel  placed  above  the  re- 
sistor, would  fail  if  the  steel  had  to  be  heated  above  1,000°  C.  The 
lower  part  of  the  resistor  became  so  hot  that  failure  of  the  silicon- 


» Bally,  T.  F.,  and  Cope,  F.  T.,  U.  S.  Patents  1,176,018,  Mar.  21,  1916,  and  1,272,186, 
July  9,  1918;  Baily,  T.  F.,  Resistanoe-type  furnaces  for  melting  nonferrous  metals: 
Chem.  and  Met.  Bng.,  vol.  21,  1919,  p.  11 ;  Anonymous,  Note  on  operation  of  electric 
furnaces :  Blec.  World,  vol.  71,  1918,  p.  780. 

>* Hirsch,  A.,  Electric  furnaces  for  beating  steel:  Jour,  Ind.  Eng.  dem.,  vol.  6,  1914, 
p.  638. 
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carbide  (cu-borundom)  resifitor  trough  ensued.  Tboratoa^"  nude 
similftr  experimente,  found  a  tatuperature  of  3,000°  C.  in  the  bottom 
of  the  resistor  when  the  steel  was  heated  to  1^000°  C,  and  decided 
that  900°  C.  WHS  the  upper  limit  to  which  steel  could  be  heated  in 
such  s  furnace  with  safety  to  the  granular  resistor.  He  shows  how 
the  radiation  of  heat  from  the  open  top  of  the  resistor  trou^  forces 
the  current  to  concentrate  in  the  bott<ai  of  the  trou^  Dow  '*  sug- 
gests that  die  resistor  be  so  uranged  with  respect  to  the  iron  that 
the  magnetic  force  set  up  would  tend  to  bring  the  oumnt  to  the  top 
of  the  resistor. 

Thomson  has  suggested "  the  use  of  the  zigzag  trapezoidal  »• 
sistor  previously  described  (p.  104)  in  the  bottom  of  the  heating 
trough,  with  the  wider  side  down,  to  avoid  coBcentration  of  current 
in  the  bottom  of  the  trough  .and  consequent  overheating  of  it. 
Granular  resistor  is  piled  over  the  zigzag  resistor  and  helps  to  pre- 


FiouBB  14. — lliomton's  ugKeatlon  far  iBiiroTliiff  the  life  of  n^Motm  Id  a  rcdeetM-hMt 

serve  it  from  oxidation.  Two  adaptations  of  this  design  are  illus- 
trated in  figure  14.  Theoretically,  this  device  should  allow  the  uee 
of  a  higher  rate  of  power  input  without  damage  to  the  trough, 
and  should  thereby  improve  the  efficiency  of  the  furnace.  Whether 
it  will  be  a  practical  improvement  can  only  be  told  by  trial. 

The  standard  105-kilowatt  Baily  furnace,  Plate  VI,  A,  is  an  up- 
right cylinder  about  6  inches  high  by  7  inches  in  diuneter,  mounte<t 
on  trunnions  to  tilt  (a  nose-tiltiDg  type  is  made  also)  and  conrasts  of 
the  cylindrical  furnace  inclosnre  surmomited  by  a  domed  roof,  which 
can  be  raised  by  a  handwheel  and  gearing  to  allow  charging  frceb 
resistor  material,  end  having  the  hearth  in  the  bottom.  A  charging 
opening  closed  by  a  plug-type  door  is  provided  on  (iie  side,  and  in 
the  lower  part  of  this  opening  is  the  pouring  spout.    The  source  of 

■  Tbornton,  F.,  Jr.,  A  rcalBtaoce  tunisce :  Tmtu.  Am.  Electrocbem.  Soc,  toI.  82, 
1917.  p.  207, 

"Dow,  A.,  V.  B,  Patent  1.161.634,  Nov.  23.  1B16. 

1.  J..  V.  8.  Pateat  1,3B1,977,  Bppt.  7,  1920. 


1.  STANDARD  105-KW.  QAILY  FURNACE. 


NOSE-TILTING  TYPE  1G5-KW.  BAILY  FURNACE. 
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heat  is  in  ft  circular  resistor  trough,  placed  about  midwRj  between 
roof  and  hearth.    Carbon  electrodes  enter  the  resistor  trough  from 
two  sides  of  the  furnace,  the  single-phase  current  thus  dividing  and 
passing  through  both  sides  of  the  circle  in  parallel.     (See  fig.  16.) 
The  electrodes  are  large,  so  that  the  density  of  the  current  is  low, 
and  do  not  heat  up  enough  to  require  water  cooling.    They  are  led 
in  through  a  packing  of  carborundum  fire  sand  to  prevent  an  access 
of  air  to  the  electrode  at 
any  point  where  they  may 
become  hot  enough  to  oxi- 
dize.     The  electrodes  are 
stationary,  being  built  into 
the  refractory  wall,  and  re- 
quire no  adjustment  wh^i 
the  furnace  is  running. 
They  are  usually  replaced 
whenever    the     resistor 
trough  is  renewed. 

The  fundamental  point 
that  makes  possible  the  use 
of  a  granul&r  resistor  in 
the  standard  Baily  furnace 
is  the   recognition  of  this 
crowding  of  the  current  to 
the  bottom  of  the  trough 
and  arranging  the  trough 
to   allow   free   radiation 
from  bottom  and  sides  of 
the  trough  as  well  as  the 
top.    The  trough  is  raised 
off  the  furnace  bottom  by 
refractory  piers.     A  free  ^° 
space  is  provided   outside 
the  trough  between  it  and  the  furnace  wall.    Fairly  free  radiation  is 
thus  provided  from  all  sides  of  the  circular  trough  (see  PI.  VI,  A), 
although  much  of  the  radiation  must  be  reflected  by  walls  and  roof 
before  it  can  reach  the  hearth  which  lies  below  the  resistor  in  the 
bottom  of  the  furnace  chamber.     The  Baily  resistor  has  a  radiating 
surface  of  more  than  40  square  feet.    Now  a  granular  resistor  must 
have  a  fairly  generous  cross  section ;  approximately  6  inches  high  by  8 
inches  wide  for  the  inside  dimensions  of  the  trough  are  common 
dimensions,  and  with  2-inch  walls  the  whole  trough  is  about  a  foot 
wide.    The  resistor  thus  occupies  a  good  deal  of  space,  and  as  care  is 
taken  to  allow  free  E^ace  outside  thg  resistor  the  whole  furnace  be- 
comes very  large  for  the  metal  charge  used  in  it,  wliich  in  different 


122 


SLBGTBIG  BBASS  FURKAGB  PRACTIOB. 


plants  varies  from  800 

to  1,800  pounds,  with  an 

average  of  perhaps  1,200 

pounds.    The    large 

amount  of  waste  space 

within  the  furnace  and 

the   great   wall    volume 

and  shell  surface  all  tend 

toward    lowering   the 

thermal   efficiency.    The 

furnace  also  has  a  huge 

^    heat  storage  in  the  walls. 

g    These  drawbacks  are 

5    necessary  evils,  accepted 

5   in  order  to  protect  the 

resistor  by  allowing  it 

free     radiation.     As    a 

further    precaution 

against    overheating  of 

the  resistor,  the  power 

input   of   the    1,000  to 

1,500  pound  foniace  is 

t   held  very  low,  the  rated 
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capacity  of  the  trans- 
former supplied  with  the 
furnace  being  only  105 
kw.  The  layout  of  trans- 
former, switchboard^  and 
furnace  is  shown  in  fig- 
ure 16. 

Baily?  has  written 
a  paper  describing  this 
furnace,  in  the  discus- 
sion of  which  paper 
Eichards  *•  points  out 
that  the  figures  given, 
calculated  at  a  90-kw. 
input,  reach  an  effi- 
ciency of  64  per  cent, 
not  counting  the  power 
used  at  night  when  melt- 
ing on  a  10-hour  basis, 
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type  furnace  for  meltlnic  briu0f 
Tmns.  Am.  Sloctrochem.  Soc-* 
▼ol.  32.  1917,  p.  155. 

«»Rlchardg,    J.    W.,    Dl8ca»- 
■loo,  work  citad*  9.  164. 
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and  a  production  on  the  best  day's  run  given  of  5,^45  pounds  of 
metal ;  but  at  a  power  input  of  120  kw.  the  efficiency  would  be  74 
per  cent  and  the  production  would  be  7,665  pounds.  The  Baily 
furnace  is  not  supplied  with  a  larger  transformer  and  is  not  often 
run  at  a  higher,  more  efficient  power  input,  because  the  life  of  the 
resistor  would  be  endangered  and  the  reliability  of  the  furnace 
would  be  decreased.  It  is  very  important  that  the  furnace  should 
not  be  overheated  on  account  of  the  consequent  injury  to  the  re* 
sistor,  as  well  as  to  the  roof  and  walls,  which  have  to  reflect  back 
so  much  of  the  radiant  energy;  Baily  brass  furnaces  therefore  are 
often  equipped  with  a  pyrometer  in  the  roof,  and  the  operator  is 
rigidly  instructed  to  reduce  the  power  input  when  the  roof  reaches 
a  certain  temperature.  The  actual  temperature  depends  on  the 
location  of  the  pyrometer.  It  may  be  placed  through  the  roof  to 
register  the  temperature  of  the  chamber  itself,  or  it  may  be  em- 
bedded in  the  roof,  where  it  will  register  a  lower  temperature.  The 
furnaces  are  run  at  a  temperature  of  2,500°  to  2,600°  F.  (1,375°  to 
1,430°  C.)  in  the  top  of  the  chamber  when  the  charge  is  ooured  at 
2,000°  to  2,100°  F.  (1,100°  to  1,150°  C). 

It  can  readily  be  seen  that  the  large  mass  of  brickwork  gives  a 
large  heat  storage  and  that  the  roof,  walls,  and  resistor,  being  500°  F. 
(280°  C.)  hotter  than  the  metal  at  the  end  of  the  heat,  can  continue 
the  heating  of  the  metal  long  after  the  power  is  cut  off.  Miller'® 
states  that  it  takes  something  like  15  minutes  before  the  furnace  be- 
gins to  respond  to  a  change  in  power  input.  The  stored  heat  is  so 
great  that  after  running  at  full  tilt  all  day  the  power  can  be  cut 
down  very  low  on  the  last  heat  of  the  day,  the  stored  heat  doing 
most  of  the  work.  This  means  that  when  the  furnace  is  used  on 
yellow  brass,  especially  in  rolling-mill  work,  where  the  metal  must 
be  poured  nearly  at  its  boiling  point,  if  a  delay  occurs  and  the  metal 
must  be  held  in  the  furnace,  the  power  must  be  at  once  cut  off  and 
scrap  or  gates  added  to  the  charge  in  order  to  keep  the  stored  heat 
from  heating  the  metal  altogether  too  hot.  One  plant,  operating 
on  70:30  brass  poured  at  an  average  of  1,876°  F.  (1,025°  C),  states 
that  the  first  200-pound  ladle  poured  from  an  800-pound  heat  aver- 
ages 1,010°  C.  (1,850°  F.)  and  the  last  1,040°  C.  (1,900°  F.^  or 
higher. 

Baily  states'*  that  his  furnaces  "have  an  immense  heat  storage 
capacity  in  their  refractory  walls."  It  takes  a  good  deal  of  energy 
to  bring  one  of  these  furnaces  to  operating  temperature.    In  a  10- 

*  Miller,  D.  D.,  The  electric  fnrnace  as  a  medium  for  hentln;?  nonferrous  metals :  Jour. 
Am.  Inst.  Metals,  toI.  11,  1917,  p.  286 ;  see  also  Benzlnger,  R.  F.,  Are  single-phase  fur- 
nace loads  profitable  for  the  central  station?  The  Electric  Furnace,  vol.  1,  1020,  No.  3, 
p.  12. 

"Bally,  T.  F.,  The  resistance-type  electric  furnace:  The  Electric  I<\irnace,  vol.  1,  No. 
2,  February.  1920,  p.  15. 
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hour  operation  the  first  16  tons  of  yellow  brass  melted  in  the  Baily 
fumaoe  installed  at  the  plant  of  White  &  Bro.  averaged  880. kw.  h. 
per  ton,  including  the  power  used  in  preheating  the  furnace.  The 
sluggishness  of  the  fumaoe  means  that  it  heats  up  slowly,  as  well 
as  cools  off  slowly,  and  after  cooling  14  hours  it  would  take  so  long 
to  bring  it  to  full  running  temperature  that  production  in  a  10-hour 
melting  day  would  be  very  low.  Hence  it  is  regular  practice  to  have 
the  night  watchman  throw  the  power  on  the  furnace  about  3  a.  m. 
in  order  to  have  the  furnace  ready  to  melt  at  6.30  a.  m.  The  power 
used  at  night  has  to  be  paid  for  as  well  as  that  used  while  metal  is 
in  the  furnace,  so  that  no  figures  of  power  consumption  for  this 
furnace  or  for  any  furnace  of  a  type  that  requires  night  heating 
should  be  given  without  also  stating  whether  the  night  power  is 
included. 

It  follows  that  the  furnace,  though  seldom  so  used  in  practice, 
is  at  its  best  on  24-hour  operation  and  is  under  a  decided  handicap 
when  used  only  on  day  shifts. 

Besides  the  standard  105-kw.  tilting  furnace  (see  PI.  VI,  B) 
mounted  on  trunnions — ^the  type  so  far  installed  by  most  users — a 
nose-tilting  type  (see  PI.  VII)  of  the  same  size  has  been  designed  for 
pouring  direct  into  molds,  one  of  which  has  been  installed  at  the 
Washington  Navy  Yard,  and  a  300-kw.  size  has  been  designed,  but  no 
installations  have  yet  been  made.  A  105-kw.  "  nose  tilter  "  has  been 
sold  to  Allen  Everett  Co.,  Ltd.,  of  England. 

A  smaller,  trunnion-mounted,  tilting  type  of  Baily  furnace  of 
60-kw.  rating,  shown  at  the  right  in  Plate  VTII,  was  put  on  the 
market  in  1919.  This  type  held  up  to  500  pounds  maximum,  having  a 
rectangular  shell  and  a  long  oval  hearth.  It  was  heated  by  a  single 
straight  resistor  trough  located  directly  over  the  bath,  supported 
at  the  ends.  A  few  furnaces  of  this  type  were  installed,  but  the  life 
of  the  resistor  trough  was  so  short  that  its  use  was  found  impractical 
and  it  was  withdrawn  from  the  market,  a  round,  50-kw.,  600-pound 
furnace  of  the  same  general  design  as  the  105-kw.  size  being  supplied 
instead.  Since  this  has  nearly  as  much  wall  area  as  the  105-kw. 
furnace,  its  losses  in  radiation  will  be  nearly  as  great,  and  the  lost 
heat  will  form  a  large  proportion  of  the  50  kw.  supplied.  The 
efiiciency  of  this  size,  therefore,  may  be  expected  to  be  very  low. 
No  operating  figures  for  this  size  on  brass  are  yet  available,  but  the 
relative  behavior  of  different  sizes  of  this  typo  of  furnace  may  be 
seen  from  data  on  melting  aluminum  (No.  12  alloy) :  The  105-kw. 
size  at  the  Dayton  Engineering  Laboratories  Co.,  on  425-pound 
heats — ^length  of  working  day  not  stated,  but  apparently  about  8^ 
hours  actual  melting,  plus  1  hour  preheat — gave  an  output  of  about 
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1^  tons  per  day  at  675  to  625  kw.  h.  per  ton.  The  50-kw.  rectangular 
size  at  the  plant  of  Landers,  Ferry  <Sb  Clark,  on  150-pound  heats,  9 
hours  actual  melting,  4  hours  preheat,  gave  an  output  of  i  ton  per  day 
at  850  kw.  h.  per  ton.    The  net  metal  loss  is  given  as  0.7  per  cent. 

Since  the  105-kw.  size  runs  at  around  600  kw.  h.  per  ton  of  brass 
on  a  9-hour  melting  day,  it  would  be  expected  by  analogy  with  the 
results  given  above  on  aluminum  that  the  50-kw.  size,  working,  on 
brass,  with  a  9-hour  melting  day,  would  require  around  750  kw.  h. 
per  ton. 

One  plant,  melting  red  brass  in  the  rectangular  50-kw.  Baily 
furnace,  on  a  7-hotir  working  schedule,  the  furnace  being  preheated 
at  night,  averaged  three  heats  of  525  pounds,  or  about  f  ton  per 
day,  at  a  total  power  consumption  of  730  kw.  h.,  i.  e.,  about  900  kw. 
h.  per  ton.  The  gross  metal  loss  is  given  as  1  per  cent  and  the  life 
of  the  resistor  trough  as  only  100  heats. 

The  Baily  furnace  is  also  built  in  a  stationary  tapping  type,  with 
a  hearth  lying  between  two  straight  resistor  troughs.  One  furnace 
of  500-kw.  rating  has  been  in  use  on  aluminum,  and  one  of 
1,000  kw.  has  been  used  in  melting  down  electrolytic  zinc 
cathodes.  A  600-kw.  furnace  of  this  type  for  brass  has  been 
designed,  but  none  yet  installed.  All  these  furnaces  are  supplied 
with  energy  through  a  variable- voltage  transformer  having  a  num- 
ber of  taps  on  the  secondary,  to  which  connection  is  made  by  an  oil 
switch  operated  by  hand.  Lehr^^  has  patented  a  system  by  which 
the  regulation  of  such  a  furnace  may  be  made  automatic.  Short  '^ 
describes  an  automatic  control  as  supplied  by  the  Westinghouse  Co. 
to  40  furnaces,  each  of  1,100  kv.  a.,  for  zinc  smelting  in  Norway. 
(These  are  not  Baily  furnaces.)  Hand  control  of  the  Baily  furnace 
is  simple,  and  it  is  doubtful  if  the  application  of  an  expensive  auto- 
matic control  system  to  the  105-kw.  size  would  normally  be  justified. 

METALLUBGICAL  BESTTLTS  IN  THE  BAILY  FXJBNACE. 

mXAL  X06SBB. 

Baily  •*  cites  some  tests  on  yellow  brass  (68  per  cent  Cu,  32  per 
cent  Zn)  made  up  of  half  scrap,  half  new  metals,  in  which  the  net 
metal  loss,  taken  by  weighing  the  charge,  deducting  the  nonmetallic 
in  the  charge,  and  weighing  the  product,  was  1.39  per  cent  when 
the  2inc  was  added  with  the  rest  of  the  charge  at  the  start  of  the 

heat  and  0.56  per  cent  when  it  was  added  at  the  end  in  the  usual  way. 

■ I    ■  -  ■  .  —      _  -    ■        -  ■ 

«  Lehr,  E.,  U.  S.  Patent  1,320,071,  Oct.  28,  1919. 

"Short,  P.  B.,  Stop-Induction  regulator  for  electric  furnaces:  Trana.  Am.  Electrochom. 
Soc,  vol.  87,  1920,  p.  85 ;  see  also  Pierce,  R.  T.,  U.  S.  Patetit  1,367,089,  Pbb.  1,  1921. 
■«  Baily,  F.  T.,  work  cited. 


126  st£crrBic  bbabs  furnace  practice. 

In  a  test  reported  by  one  foundry  on  a  leaded  bearing  bronze 
(79  per  cent  Cu,  16  per  coat  Pb,  5  per  cent  Sn,  trace  P)  there  was 
charged : 

Pounds. 

Ingots 728 

Gates  carrying  some  sand 1  5, 188 

Lead 182 

.      Copper 996 

Tin T2 

Total 7, 126 

Metal  poured 7,009 

Gross  loss  (1.63  per  cent)- 117 

The  foundry  estimates  that  26  pounds  (5  per  cent)  of  sand  adhered 
to  the  gates,  making  the  gross  loss  91  pounds  on  7,100  pounds  metal- 
lic charged,  or  1.28  per  cent  corrected  gross  loss.  Ninety -two  and 
one-half  pounds  of  skimmings,  from  which  it  is  estimated  that  40 
per  cent,  or  37  pounds  metal,  would  be  reclaimed  were  also  obtained, 
making  the  net  loss  54  pounds  on  7,100  pounds  of  metallic  charged, 
or  0.76  per  cent.  The  furnace  replaces  an  open-flame  oil  furnace 
and  makes  decided  metal  savings. 

Other  tests,  cited  in  the  advertising  literature  of  the  Electric  Fur- 
nace Co.  are  as  follows: 

Tabu:  28. — Reaulta  of  runs  with  Baily  furnace. 


Matorial. 


Ytnaw  brass,  gates,  ingot  borings 
Yellow  brass,  scrap 

Do 

Phosphor  bronze 

Do 


Metal 

Metal 

■ 
Loss. 

charged. 

poured. 

urn. 

Poundt. 

Powids. 

Poundi, 

Pa*  MM. 

23,429 

23,361 

78 

0.80 

181,304 

179,883 
27^941 

L471 

.81 

28,320 

379 

1.80 

35,733 

3A.686 
5,991} 

87 

.91 

6,033 

41J 

.08 

One  plant  reports  that  in  regular  operation  the  total  metal  loss  in 
melting  bronze  of  89  per  cent  Cu  and  11  per  cent  Sn  in  the  Baily 
furnace,  including  all  losses  between  charge  and  finished  product, 
whether  in  melting  or  not,  is  2.5  per  cent.  Another  plant  making  an 
ordinary  red  brass  frcmi  all  scrap  and  borings  declares  that  the  net 
metallic  loss,  by  test,  is  1  per  cent  and  is  convinced  that  the  fumaoe 
runs  regularly  at  that  figure.  This  plant  takes  care  to  plug  and  lute 
the  spout  and  door  tightly  to  avoid  oxidation  and  volatilization.  It 
asserts  that  on  the  material  used  the  loss  in  coke  fires  can  not  be  kept 
below  5  per  cent  in  regular  operation,  though  that  figure  can  be 
surpassed  on  careful  testa 

Another  plant,  running  on  70:30  brass  for  sand  castings  made 
from  scrap  and  borings,  estimates  the  metallic  loss  to  be  1  per  cent 
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against  about  5  per  oeiki  in  coke  firea  In  still  another  plant  which 
makes  a  cast  yellow  brass  with  about  20  per  cent  Zn,  largely  frc»n 
scrap,  the  gross  loss  between  dirty  scrap  and  hot  metal  weighed  in 
the  ladle  was  2.8  per  o^it  on  the  first  few  heats,  while  the  new  hearth 
was  becoming  saturated,  and  fell  on  the  next  20  tons  melted  to  1.25 
per  cent  It  is  estimated  by  this  plant  that  there  was  0.25  per  cent 
dirt,  oil,  etc,  in  the  scrap,  and  an  additional  0.25  per  cent  would  have 
been  recovered  had  all  the  spillings  been  picked  up.  The  true 
metallio  loss  therefore  was  not  oyer  0.75  per  cent.  In  coke-fired 
practice  on  this  alloy  the  average  net  loss  was  said  to  be  3  per  cent, 
and  some  actual  tests  showed  3.44  per  cent. 

mnroRKiTT  or  PBonTror. 

The  behavior  of  the  furnace  as  regards  metal  losses  is  excellent, 
but  is  not  so  good  as  regards  uniformity  of  composition  of  the  prod- 
uct. Baily*^  gives  figures  for  30  heats  of  yellow  brass  (about  69 
per  cent  Cu,  31  per  cent  Zn) ,  the  copper  in  which  was  determined  by 
sampling  the  first  and  last  bars  poured  from  a  750-pound  heat.  The 
copper  averaged  0.70  per  cent  higher  in  the  last  bar  than  in  the  first 
In  three  heats  there  was  no  variation,  in  only  five  others  was  the 
difference  below  0.25  per  cent,  in  two  between  0.25  and  0.50  per  cent, 
in  eleven  it  was  from.  0.50  to  1  per  joent,  in  eight  it  was  between  1 
and  2  per  cent,  and  one  heat  showed  a  variati6n  of  from  68.67  per 
cent  in  the  first  bar  to  70.71  per  cent  on  the  last,  or  2.03  per  cent 

These  figures  were  obtained  on  a  test  of  one  of  the  first  Baily 
furnaces  commercially  installed,  made  by  the  makers  of  the  furnace 
and  not  by  the  rolling  mill.  The  metal  was  poured  colder  than  it 
would  have  been  had  a  regular  caster  done  the  pouring,  and  the 
importance  of  stirring  was  evidently  not  understood.  The  figures 
do  not  mean  that  uniform  m^^  can  not  be  poured  from  the  Baily 
furnace  or  from  other  hearth  furnaces  similarly  heated  by  radiaticm 
from  above,  but  they  do  indicate  a  tendency  to  imperfect  mixing  and 
show  that  it  is  important  for  the  metal  to  be  thoroughly  stirred 
before  pouring.  At  the  plant  where  these  tests  were  made  differences 
of  more  than  2  per  cent  in  copper  between  the  first  and  the  last  of 
the  pour  have  been  noted  even  with  careful  stirring,  and  imif ormity 
is  considered  harder  to  obtain  than  in  crucible  practice. 

According  to  Hess,*'  in  melting  steel  in  the  Heroult  direct-arc 
furnace  there  is  little  circulation,  and  heavy  aUoys  are  likely  to  settle, 
causing  segregation  and  lack  of  homogeneity,  which,  he  says,  should 
be  guarded  against  by  systraiatic  and  vigorous  stirring.  As  there 
is  even  less  tendency  toward  circulation  in  furnaces  like  the  Baily 

■*•  Bally,  T.  P.,  Work  dted,  p.  291. 

"  HesB,  H.  U,  meetrti!  fnrnaees  as  appHed  to  Bleel  maUiMr :  Mech.  EDg.»  vol.  41,  1919, 
p.  246 ;  Chem.  Abst.,  ▼<d.  14,  1920,  p.  16. 
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that  melt  by  radiated  heat  than  in  diireet-are  types,  HesB^s  advice 
appears  worth  heeding  in  the  operation  of  brass  fomaces  that  d^ 
not  stir  the  metal  automatic^y,  as  wril  as  in  the  operation  of 
steel  fumacea 

The  quality  of  the  metal,  from  the  testimony  of  three  different 
users,  is  no  worse  and  no  better  than  good  metal  from  coke-fired 
crucible  furnaces.  If  careful  attention  is  paid  to  stirring,  the  metal 
is  thought  to  average  more  uniform,  merely  because  the  use  of  a 
larger  charge  than  in  a  crucible  tends  to  even  up  its  regularity  in 
composition  of  scrap  used.  In  one  case  the  metal  was  thought  to 
machine  more  easily. 

ABAFT  ABILITY. 

The  furnace  can  be  drained  completely  and  successive  heats  of 
different  alloys  made.  On  account  of  the  necessity  for  keeping  down 
the  chamber  temperature  and  the  power  input,  in  order  to  safeguard 
the  resistor,  the  furnace  will  be  less  efficient  on  and  less  adaptable 
to  the  alloys  that  have  to  be  poured  at  a  high  temperature.  Few 
Baily  furnaces  regularly  produce  metal  that  would  be  poured  above 
1,160^  C.  (2,100^  F.). 

The  furnace  will  melt  any  ordinary  brass  or  bronze  (probably  not 
Monel  metal ) ,  but  is  at  its  best  on  yellow  brass  and  on  red  brasses 
and  bronzes  that  do  not  have  to  be  poured  too  hot. 

Two  different  plants  report  that  on  charges  of  all  yellow  borings, 
especially  if  dirty  and  oily,  the  Baily  furnace  does  not  give  satis- 
factory results,  because  such  charges  require  too  much  stirring  and 
rabbling.  Charges  containing  not  over  60  i)er  cent  yellow  borings 
can  be  handled. 

Although  criticizing  the  Baily  furnace  for  low  efficiency — that  is, 
for  excessive  power  consumption  per  ton — one  refining  plant  asserts 
that  the  Baily  furnace  should  have  a  use  in  a  refining  plant  in  han- 
dling light  or  "  irony  "  brass,  as  the  melt  can  be  skimmed  to  remove 
iron  without  interrupting  the  cun^nt. 

BSUABIUTT. 

The  reliability  of  some  of  the  early  installations  of  Baily  fur- 
naces was  affected  by  the  inability  of  the  trantformers  to  take  their 
rated  load  withoat  heating  up,  but  this  defect  has  been  overcome. 

The  life  of  the  lining  and  roof  (corandite  brick)  is  good,  pro- 
vided care  is  taken  to  keep  the  chamber  temperature  below  a  safe 
point.  In  one  furnace,  supplied  with  a  pyrometer  in  the  roof,  that 
was  inspected  after  18  months  operation  and  after  the  melting  of 
more  than  1,000,000  pounds  of  70:80  brass,  the  lining  was  still  in 
good  shape.  The  resistor  trough  had  to  be  renewed  after  about 
760,000  pounds  had  been  melted. 
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Another  furnace,  <m  Id-hour  operation  on  red  brass,  had  required 
ho  repair  in  mekixig  about  600,000  pounds.  Another,  on  9-hoar 
operation  on  yellow  brass,  had  required  one  new  hearth  lining  in 
meltiiig  350,000  pounds,  the  hearth  probably  being  damaged  by 
throwing  in  heavy  ingots,  but  no  other  repair  besides  patching  the 
spout.  The  hearths  are  usually  rammed  up  from  carborundum  fire 
sand,  plus  fire  clay  and  water  glass  or  some  similar  mixture. 

One  user  of  the  Baily  furnace,  melting  a  leaded  bronze  with  10- 
hour  operation,  concluded  that  the  hearth  and  resistor  trough  must 
be  replaced  after  melting  1,000,000  pounds,  and  calculated  the  up- 
keep of  the  furnace,  at  1919  prices,  to  be  50  cents  per  ton.  Still 
another  user  has  said  that  the  trough  averages  a  life  of  250,000 
pounds,  but  that  with  greater  care  in  operation  this  figure  can 
probably  be  doubled. 

Other  users  had  great  trouble  with  resistor  troughs  when  they 
were  ranuned  up  in  a  form  inside  the  furnace  from  carborundum 
fire  sand  with  a  water-sgjass  binder,  the  troughs  often  failing  after 
only  a  very  few  heota;  sectional  troughs  are  now  molded  up  and 
baked  by  the  makers  and  sent  to  the  user  to  be  set  up  Uke  so  much 
brickwork.    These  appear  to  be  giving  good  service. 

Electrodes  are  usually  replaced  whenever  a  trough  is  replaced. 
The  granular  resistor  ]nate]:iaI--6lectrode  carbon  broken  to  |-inch 
or  ^inch  mesh — dowly  bums  away  and  must  be  replenished,  about 
25  poundfi  bei^g  normally  added  every  Sunday  according  to  one  user 
and  at  the  rate  of.  10  pounds  per  day  according  to  another.  This 
gnuiular  carbon  cost^  in  the  nei^borhood  of  $  cents  per  pound. 
The  readstor  carbon  used  must  be  as  free  as  possible  from  ash  or  the 
ash  will  gum  up  the  resistor,  interfere  witii  the  flow  of  current,  apd 
endanger  the  trough. 

In  some  plants  where  much  skimming  and  rabbling  has  been  done 
the  piers  (usually  silica  brick  or  corundite)  have  occasionally  been 
damaged  by  the  operator's  careless  poking.  Generally  speaking,  the 
reliability  of  the  furnace,  when  operated  under  pyrometric  control, 
is  good. 

RATES   or  PBODTTOTZOir   AND   THSBMAL   EFFZOZENOT. 

As  the  rate  of  production  and  the  thermal  efficiency  are  closely  re- 
lated, they  will  be  considered  together. 

Baily  *•  has  given  figures  on  a  week's  vim  of  a  furnace  at  the  Balti- 
more Copper  Smelting  EoUing  Co,  on  68 :  32  brass  which  show  the 
following  averages: 

Average  number  working  hours  per  day ^ 8J 

AveiTagB  number  heats  per  day * . ^_        5J 

Average  charge pounds—      752 

Ayerage  kw.  h.  per  heat  (not  Including  night  heating) 128.  4 

■■  .p. —  .    -  .        . 

**  Bally,  T.  F.,  Resistance-type  furnace  for  melting  brass :  Trans.  Am.  Electrochem.  Soc., 
vol.  82,  1017,  p.  166 ;  Brass  Wprld,  vol.  13,  1917,  p.  337. 
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While  not  stated  in  this  paper  both  Mr.  Baily  and  the  superin- 
tendent of  the  plant  "^  state  that  power  was  kept  on  the  furnace  all 
night  at  the  rate  of  44  kw. 

This  gives : 

Arerage  kw.  h.  used  at  night  (15i  hoars),  at  45  kw.,  per 
night 671 

Average  kw.  h.  used  in  day  ($|  hours),  at  77  kw.,  per  day 685 

Total  kw.  h.  per  24  hours 1,856 

Average  output,  8f-hour  working  day pounds..  4,011 

Average  kw.  h.  per  ton 675 

In  the  regular  operation  of  this  furnace  on  70 :  30  brass,  poured  at 
1,025°  C.  (1,875^  F.),  with  power  kept  on  all  night  at  45  kw.,  the 
plant  reported  an  output  of  4,100  pounds  (five  heats,  820  pounds), 
with  an  average  kw.  h.  consumption  of  650  per  ton.  Individual 
heats  at  the  end  of  the  day,  when  the  furnace  was  fully  hot,  were 
made  with  130  kw.  h.,  that  is,  at  the  rate  of  810  kw.  h.  per  ton  for 
continuous  24-hour  operation.  With  the  furnace  fully  hot,  copper 
poured  at  1,200°  C.  (2,200°  F.)  required  888  kw.  h.  per  ton,  with  an 
average  power  input  of  100  kw.  The  rate  of  production  on  24-hour 
operation  would  be  about  15,000  pounds  brass  a  day  when  the  fur- 
nace is  run  at  a  77-kw.  input  and  12,000  pounds  copper  a  day  when 
running  at  a  100-kw.  input.  The  transformer  supplied  with  this 
early  furnace  would  not  give  100  kw.  steadily  without  undue  heating. 

This  particular  furnace  is  no  longer  in  operation,  the  plant  having 
gone  out  of  the  brass  business  entirely.  The  company  asserts  ^  that 
the  furnace  can  not  be  considered  for  the  melting  of  copper  in  com- 
petition with  the  regular  reverberatory  furnaces  taking  200  to  260 
tons  per  charge ;  though  the  application  of  the  principle  involved  in 
the  melting  of  large  charges  is  interesting,  it  introduces  too  many 
problems  for  serious  consideration. 

A  Baily  furnace  was  tried  but  discarded  by  the  Bridgeport 
Brass  Co. 

Another  user  gives  the  following  figures  for  bronze  (89  per  cent 
Cu,  11  per  cent  Sn)  poured  at  1,150°  C.  (2,100°  F.).  Average 
weight  of  charge,  800  pounds ;  seven  heats  in  10  hours,  5,500  pounds 
output  per  day;  power  used,  1,100  kw.  h.  in  10  hours;  average  out- 
put, 110  kw.,  550  kw.  h.  in  14  hours  (night) ;  average  input,  89  kw. ; 
total  kw.  h.,  1,650,  or  600  kw.  h.  per  ton. 

Another  plant  working  on  70 :  80  brass  made  from  scrap  and  bor- 
ings for  sand  castings  reports,  on  9-hour  operation  (6  a.  m.  to  4 
p.  m.),  power  input  held  at  100  to  105  kw.  (power  off  eight 
minutes  while  pouring)  with  night  heating  at  about  IS  kw.  aver- 

"Personal  communicatlont. 

^BoQM,  E.  W.    Peraonal  commnnlcatioii,  Jan.  10,  1920. 
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age  from  2.30  a.  m.  to  6  a.  m.,  week  days,  except  Saturday,  and 
from  6  p.  m.  Sunday  to  6  a.  m.  Monday ;  the  output  can  be  brought, 
as  a  maximum,  to  five  heats  of  1,500  pounds  each.  The  average  over- 
all power  consumption  is  said  to  be  425  kw.  h.  per  ton. 

One  man  operates  two  furnaces  in  this  plant  by  staggering  the 
operation  of  the  two  furnaces,  so  that  two  heats  are  not  ready  to 
pour  at  the  same  time.  The  charges  are  brought  to  him  and  the 
metal  taken  away  for  him. 

At  another  plant,  operating  two  8-hour  shifts  on  leaded  bronze, 
the  furnace  being  preheated  four  hours  besides — ^that  is,  power  being 
off  only  four  hours  per  day — ^the  average  output  in  the  16-hour  melt- 
ing period  is  4  tons,  and  the  power  consumption  runs  from  500  to 
575  kw.  h.  per  ton. 

StiU  another  plant,  operating  two  10-hour  shifts,  with  three  hours 
preheating,  on  red  brass,  gets  an  average  output  of  4|  tons,  though 
up  to  6^  tons  have  been  obtained.  The  power  consumption  averages 
550  kw.  h.  per  ton. 

One  plant,  melting  60 :  40  brass  24  hours  a  day,  gets  an  output  of 
8  tons  per  day  at  310  kw.  h.  per  ton,  while  another  has  obtained  a 
power-consumption  figure  on  yellow  brass,  24-hour  operation,  of 
264  kw.  h.  per  ton,  but  states  that  this  is  lower  than  can  be  expected 
as  an  average. 

One  plant,  making  sand  castings  of  yellow  brass  (20  per  cent  Zn) 
from  scrap  got  six  heats  of  1,000  pounds  in  10  hours  by  using  400 
kw.  h.  from  2  a.  m.  to  6.30  a.  m.  and  1,100  kw.  h.  from  6.30  to  4.30, 
or  1,500  kw.  h.  for  3  tons,  or  500  kw.  h.  per^  ton.  This  figure  is 
rarely  reached  because  of  delays  in  pouring,  etc.,  550  kw.  h.  being 
more  common  and  600  kw.  h.  the  average.  The  best  possible  figure 
on  10-hour  operation  at  this  plant  is  thought  to  be  450  kw.  h.  per  ton. 

At  another  plant,  on  a  test  to  see  what  maximum  output  could  be 
made  on  an  alloy  of  79  per  cent  Cu,  5  per  cent  Sn,  16  per  cent  Pb, 
trace  P,  charge  73  per  cent  gates,  10  per  cent  ingot,  17  per  dent 
new  metal,  the  following  figures  were  obtained : 

Table  29. — Teat  of  Baily  furnace  on  leaded  bronze. 


Hwt  No. 


Preheat. 

1 

2 

3 

4 

5 

6 


Total. 


Time. 


3.00  a.  m.  to  A.  30  a.  m. . 
6.30  a.  m.  to  8.00  a.  m . . 
S.00  a.  m.  to  10.00  a.  ID . . 
10.00  a.  m.  to  11 .40  a.  m. 
11.40  a.  m.  to  1.00  p.  m. 
1.00  p.  m.  to  3.00  p.  in.. 
3.00  p.  m.  to  5.00  p.m.. 


Weight  of 

Kw.h. 

diwgB. 

naed. 

Pounds, 

(») 

376 

1,102 

20O 

1,220 

aoo 

1,200 

176 

1,202 

176 

1,200 

175 

1,202 

175 

7,116 

1,475 

■  Bmpty. 
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A^verage  kw.  h.  per  ton 413 

Average  time  to  charge  and  pour minutes 20 

Average  power  Input  (preheating,  41  hours) kw.  h—  83} 

Average  power  input  (working  time,  10}  hours) kw__  lOB 

The  last  heats  are  at  the  rate  of  290  kw.  h.  per  ton  on  24-hour 
operation.  The  transformer  temperature  rose  from  35^  C.  at  2  a.  m. 
to  59^  C.  at  5  p.  m.  On  another  day's  run,  using  1,500-pound  charges 
of  leaded  phosphor  bronze,  the  following  result  was  obtained: 

Table  90.^ — Test  of  BaOff  fwnace  on  Ua4Ud  ^nmte,  lySOO-pomnd  ehargei. 


Heat  No. 

tbn. 

Weight 
ofohfl^ge. 

Kw.h. 
used. 

Kw.li. 
input. 

Preheat 

H.   M, 

Paunit, 

b876 
246 
2S2 
203 
206 

1 

2   20 
2     0 
1   86 

1  do 

10$ 

2 

126 

3 

128 

4 

137 

Total 

7    26 

6,088 

el,  282 

122 

a  Empty. 

ft  Data  taken  from  advertising  literature  of  Eleetrlc  Fmnaoe  Co.  Powvr  used  on  preheat  not  given, 
assumed  same  as  on  preceding  test.  The  iftst  two  Iteats  indicate  205  lew.  h  per  1,500  pounds^  or  275  k w.  h. 
per  ton  on  24-hour  operation,  run  partly  on  stored  heat  frtm  the  Iming. 

c  425  kw.  h.  per  ton. 

A  recent  account  ^  of  the  operatiim  of  a  Baily  furnace  on  yellow 
brass  (75  per  cent  Cu,  20  per  cent  Zn,  4  per  cent  Pb,  1  per 
cent  Zn),  poured  at  l^""  G.  (2,900''  F.)  declarea  that  by  pre- 
heating from  3.30  a.  m.  to  6  a.  m.  four  heats  of  1^00  pounds  each 
are  taken  off  by  3.30  p.  m.  One  more  heat  could  be  taken  by  running 
to  5  p.  ni«  The  power  consumption  over  a  month's  run  (70  tons) 
was  572  kw.  h.  per  ton.  The  fumaee  is  said  to  give  best  results  if 
run  at  120  kw.,  a  higher  power  input  shortening  the  life  of  resistor 
trough  and  roof  and  a  lower  one  increasing  the  power  consumption 
per  ton.  The  resistor  trough  and  hearth  last  about  six  months; 
that  is,  for  the  melting  of  some  400  to  450  tons. 

In  a  comparison  of  melting  costs  between  crucibles  and  the  elec* 
trie  furnace  the  upkeep  of  the  Baily  furnace  is  put  at  60  cents  per 
ton.  The  labor  cost  for  electric  melting  is  half  what  it  was  for 
crucible  melting,  and  the  metal  loss  is  reduced  from  5  per  cent  to 
1  per  cent.  The  costs  are  given  as  $19.20  per  ton  in  crucibles  (of 
which  $6.40  is  due  to  the  loss  of  4  per  cent  more  zinc)  and  as  $15.20 
in  the  electric.  Power  cost  1.41  cents,  per  kw.  h.,  or  $8.06  per  ton. 
It  is  the  saving  in  metal  that  makes  the  furnace  economicaL  It 
should  be  noted  that  this  cost  tabulation  does  not  include  interest 
and  depreciation  on  the  investment  in  the  furnace. 

The  red  brass  melted  at  this  plant  is  still  melted  in  crucibles,  be- 
cause the  metal  loss  in  the  crucibles  is  only  about  2  per  cent,  so  that 

"Anonymous,    Electric   melting    shoi^'B    economy:    Foundry,    vol.    47.    1010,    p.    845; 
Anonymous,  Operating  data  on  electric  brass  furnace :  Blec,  World,  vol.  75,  1920,  p.  11. 


HEARTH-TTPB  FUROf  AOBS — TBXXR  VABTOUS  FORMS.  1^3 

the  electric  furnace  would  save  only  1  per  cent  and  the  cost  balance, 
which  is  swung  for  the  electric  on  yellow  brass  solely  by  the  saving 
in  metal  losses,  is  against  the  Baily  furnace  on  red  brass. 

FTTBNACS  OF  ANACONDA  007PEB  XXNXNQ   CO. 

At  Great  Falls,  Mont.,  a  standard  Baily  105 ^kw.  furnace  is  in- 
stalled in  the  brass  foundry  of  the  Anaconda  Copper  Mining  Co.  This 
firm  uses  large  amounts  of  electric  power  generated  by  water  power 
for  general  purposes,  for  the  opwation  of  ferro-alloy  furnaces,  and 
for  the  electrodeposition  of  zinc.  When  hydroelectric  power  is 
bought  under  such  circumstances  it  is  usually  paid  for,  not  by  the 
kw.  h.  actually  used,  as  is  the  case  in  most  brass  foundries,  but  by  the 
kilowatt  year ;  that  is,  by  the  most  simple  form  of  power  contract 
a  certain  amount  a  year  is  paid  for  each  kilowatt  the  plant  in  ques- 
tion is  equipped  to  draw  from  the  hydroelectric  station. 

After  the  furnace  at  Great  Falls  had  been  used  intermittently  for 
15  months  the  lining  was  still  in  excellent  condition,  one  resistor- 
trough  replacement  having  been  made  and  the  second  being  nearly 
ready  for  renewal.  The  melting  rate,  after  the  furnace  is  fully  hot, 
is  1,800  poimds  in  3^  hours;  that  is,  515  pounds  per  hour  on  the  basis 
of  continuous  operation.  As  high  as  2  tons  have  been  charged  into 
the  furnace  at  one  time.    The  metal  loss  is  under  2  per  cent. 

The  power  consumption  averaged  2,900  kw.  h.  per  ton  during 
four  months'  intermittent  operation,  in  which  42.4  tons  were  melted. 
It  is  said  that  if  the  furnace  were  operated  continuously  24  hours 
per  day  it  could  probably  equal  the  guarantee,  made  on  the  basis 
of  continuous  operation,  of  400  kw.  h.  per  ton.  The  furnace  is  said 
by  the  Anaconda  Co.  to  be  very  satisfactoty  for  their  foundry 
work.  The  work  is  intermittent,  only  about  15  tons  of  metal  being 
melted  per  month,  on  the  average,  and  only  about  10  tons  per  month 
in  the  period  on  which  the  figures  of  power  consumption  were 
computed. 

Power  is  kept  on  the  furnace  all  the  time,  the  increased  power 
consumption  being  offset  by  the  time  saved  in  bringing  this  sluggish 
type  of  furnace  up  to-  working  temperature  if  it  is  allowed  to  cool. 

At  the  rate  of  515  pounds  per  hour,  the  four  months'  melt  of 
84,800  pounds  would  take  only  165  hours  out  of  2,880,  or  6.6  full 
24-hour  days  out  of  120  days. 

To  keep  the  furnace  hot  all  the  time  would  require  an  average 
input  of  about  40  kw.  for  the  whole  2,880  hours,  and  if  the  power 
input  was  raised  by  50  kw.  to  an  average  of  90  kw.  during  the  165 
hours  of  actual  melting  the  power  consumed  TY^uld  be  (40X2,880) -4- 
(50X165),  or  123,650  kw.  h.  used  to  melt  84,800  pounds,  or  2,900 
kw.  h.  per  ton. 

6S723"-~22 10 
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Had  this  amount  of  power  been  paid  for  on  the  kind  of  a  power 
contract  used  by  most  purchasers  of  a  single  Baily  furnace  it  would 
probably  cost  about  1.4  cents  per  kw.  h.,  or  about  $40  per  ton  for 
power  alone. 

On  so  large  a  connected  load  as  that  at  Anaconda,  where  there 
would  be  several  times  100  kw.  leeway  between  the  connected  kw. 
of  the  high-tension  transformers  and  the  average  load,  it  would 
make  no  difference  in  the  actual  cost  of  power  whether  the  Baily 
brass  furnace  were  run  or  not.  Even  for  cost  accounting  it  might 
be  calculated  that  only  the  40  kw.  used  all  the  time  should  be  charged 
against  the  furnace  if  the  foundry  took  care  to  do  the  actual  melting 
at  a  time  when  the  rest  of  the  plant  was  not  drawing  its  full  load. 

Forty  kw.  for  4  months  at,  say,  $25  per  kw.  year  would  cost 
$388.33  for  42.4  tons,  or  $7.86  per  ton  on  a  melt  of  10.6  tons  per 
month,  a  figure  which  is  less  than  the  $8.06  per  ton  in  the  furnace 
last  commented  on,  which  used  572  kw.  h.  per  ton  at  $1.41  per  kw.  h. 
on  a  melt  of  70  tons  per  month. 

All  these  data  tend  to  show  that  where  power  is  high  the  Baily 
furnace  should  be  used  for  melting  16  to  24  hours  per  day,  as  it  is 
at  a  disadvantage  on  account  of  its  high-heat  storage  on  10-hour 
melting;  where  power  is  extremely  cheap,  it  can  be  satisfactorily 
used  on  10-hour  melting  or  even  as  intermittently  as  the  Anaconda 
installation.  The  resistor  troughs  have  had  to  be  replaced  twice 
in  21  months,  while  melting  an  average  of  15  tons  per  month  or,  say, 
157i  tons  average  per  trough,  on  this  intermittent  service. 

Omitting  the  Anaconda  furnace  on  account  of  the  unusual  operat- 
ing conditions,  the  commercial  results  on  the  105-kw.  Baily  furnace 
can  be  summarized  as  in  Table  31. 

Table  31. — Summary  of  Baily  furnace  operation. 


Alloy. 

Firm. 

Kind  of  op* 
erationon 

which 
flgurosare 

baied. 

Hoars 
furnaoe 

pre- 
heated 
per  day. 

Hoars 
ftirnaoe 
used  per 
day  in 
actual 
melting. 

Weight 
of  charge. 

Output 
per  day. 

Kw.h. 
per  ton. 

Yellow  hrasso 

Do 

Do 

80:40 

Baltimore       Copper 

Smeltmg  &  RoIHng 

Co. 

McRae  Roberts 

Michigan  Smelting  & 

Reflning  Co. 
United  States  Copper 

Products  Co. 
Hays   Manufacturing 

Co. 

Capital  Brass  Co 

Buick  Motor  Car  Co... 

Nolte  Brass  Co 

liiimen  Bearing  Co. . . . 
Penberthy  Injector  Co. 

Average 

Best 

do. 

Average..... 

One  month, 
70  tons. 

Best 

Test 

16 

0 
0 

H 

4 

14 

3 

0 

9 
24 

34 

16 
lOi 

16 

10 
90 

Pound*. 
800 

l.GOO 

Tons, 
3 

81 

8 
3 

4 

/3 

080 

486 
e3M 

810 

Brass.  20  per 
cent  sine. 

Red  brass 

Leaded 

1,500 

1,500 
1,300 

1,500 

800 

1,500 

sn 

bronse. 

Do 

Bronie« 

Red  brass 

Avonso*  •  •  •  • 
do. 

800to5^ 
600 
500 

a  Metal  poured  at  1,025"  C. 

b  Not  stated. 

c  This  power  figure  is  said  to  be  lower  than  can  be  expected  as  an  avera^B. 

d  Output  given  is  maximum. 

«  Metal  poured  at  1,150*  C. 

/  Up  to  6}  tons  have  been  gotten  oa t  in  two  lO-hour  shifts. 
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The  standard  Baily  furnace  rated  at  105  kw.  is  thus  seen  to 
produce,  on  lO-hour  operation,  on  metal  poured  at  or  below  1,150°  C, 
from  500  to  800  pcfunds  per  hour,  2^  to  4  tons  per  day,  and  to  use 
425  to  600  kw.  h.  per  ton.  On  24-hour  operation  it  would  produce 
6  to  10  tons  at  275  to  350  kw.  h.  per  ton.  These  variations  depend 
partly  on  the  pouring  temperature  needed  and  on  the  rate  of  power 
input,  but  even  more  so  on  the  efficiency  of  operation  and  the  speed 
of  charging  and  pouring. 

It  has  been  found,  in  the  practice  of  one  plant,  highly  essential 
to  operate  the  Baily  furnace  without  a  slag.  If  a  dirty  charge  is 
used  containing  a  lot  of  nonmetallic  material,  such  as  sand  adhering 
to  gates,  so  that  as  soon  as  the  metal  is  fluid,  it  becomes  covered  with  a 
layer  of  fluid  or  crusty  slag,  the  furnace  should  be  opened  and  the  slag 
scraped  off.  If  the  slag  or  crust  is  left  on  it  prevents  the  rapid 
absorption  of  heat  reflected  on  it  by  the  roof,  slows  up  production, 
and  tends  to  require  running  the  roof  too  hot.  It  acts,  in  baffling 
the  flow  of  heat,  much  as  a  crucible  wall  would  act. 

EIiECTBICAIi  CHABACTEBISTICS. 

The  single-phase  105-kv.  a.  transformer  is  usually  arranged  to 
give  55  to  110  volts  by  5- volt  steps.  The  furnace,  in  normal  run- 
ning, after  it  is  heated  up,  takes  about  80  volts,  1,300  amperes. 
Control  is  obtained  by  a  selective  oil  switch  to  the  transformer 
taps.  Continual  changing  of  voltage  is  not  necessary,  but  the  watt 
meter  must  be  watched  in  order  not  to  allow  the  power  input  to  rise 
or  to  fall  off  too  much,  as  the  furnace  has  a  general  drift  toward 
taking  a  higher  or  a  lower  power  input,  with  any  impressed  volt- 
age, according  to  whether  the  resistor  temperature  is  rising  or 
falling. 

The  power  factor  is  close  to  unity,  and  there  are  no  sudden  surges 
on  the  line,  the  variation  being  between  zero  and  100  kw.,  approxi- 
mately, when  the  switch  is  opened  and  closed  to  change  the  voltage. 

COST  07  THE  BAILY  FimKACE. 

The  prices  of  the  Baily  furnace  complete  in  April,  1920,  were 
as  follows:  106-kw.,  about  $9,400;  TS-kw.,  about  $6,500;  50-kw., 
about  $5,000. 

BATLT  7UBNACES  MELTING  ALLOYS   OTHEB   THAN  BBASS  OB 

BBONZE. 

The  Lumen  Bearing  Co.  uses  one  of  the  105  kw.  regularly  and  an- 
other intermittently  on  Lumen  metal,  a  bearing  alloy  of  about  85 
per  cent  Zn,  10  per  cent  copper,  6  per  cent  AI.  This  is  poured  at  about 
700°  C.  (1,300°  F.).  An  average  of  6^  heats  of  1,000  pounds  each  is 
obtained  per  10-hour  working  day,  660  kw.  h.  being  used  during  the 
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day  and  330  during  the  night  to  keep  the  furnace  hot.  The  furnace 
now  regularly  used  for  Lumen  metal  was  bought  secondhand,  having 
been  tried  out  by  the  Aluminum  Co.  of  America  for  making  up 
aluminum  alloy  ingot  from  pig  aluminum  and  discarded,  largely,  it 
is  understood,  because  of  its  being  too  small  in  size  for  such  purpose. 
A  75'kw.  Baily  furnace  has  recently  been  sold  to  the  Norsk  Alumi- 
num Co.,  Norway,  for  melting  aluminum.  No  data  are  available  on 
this. 

Miller*®  describes  a  600-kw.  tapping-type  Baily  furnace  used  for 
remelting  aluminum  pig  poured  at  about  850^  C.  (1,600^  F.).  It  has 
two  straight  resistors,  one  on  each  side  of  the  hearth,  which  holds  8 
to  4  tons  of  aluminum.  Such  a  furnace  may  be  made  to  take  three- 
phase  current  if  desired.** 

The  furnace  was  operated  24  hours  a  day;  capacity  of  production 
was  20  to  24  tons.  Since  it  is  rated  at  500  kw.,  it  could  use  around 
12,000  kw.  h.  per  day,  or  at  the  rate  of  about  600  kw.  h.  per  ton. 

Miller,  however,  claims  that  265  kw.  or  64,000  kw.  h.  per  day,  320 
kw.  h.  per  ton,  will  do  the  work  on  24-hour  operation.  From  the  data 
of  Kichards**  it  appears  that  to  raise  aluminum  to  about  700°  C,  or 
150°  C.  below  the  temperature  given  by  Miller,  will  take  300  kw.  h. 
per  ton,  at  100  per  cent  thermal  efficiency. 

Laschtschenko  *•  shows  that  at  about  700°  C.  the  total  heat  in  the 
molten  aluminum  is  about  300  calories  per  gram ;  that  is,  about  320 
kw.  h.  per  ton.  The  presence  of  8  per  cent  of  copper  in  the  usual 
No.  12  alloy  would  reduce  the  heat  needed  somewhat,  but  it  is  evident 
that,  roughly,  300  kw.  h.  per  ton  of  No.  12  aluminum  represents  100 
per  cent  efficiency.  In  a  furnace  of  60  per  cent  efficiency  500  kw.  h. 
per  ton  would  actually  be  required.  It  therefore  seemed  very  doubt- 
ful if  the  320-kw.  h.  figure  were  correct.  Hence  the  matter  was  re- 
ferred to  the  superintendent  of  the  plant  operating  the  furnace,  who 
replied  as  follows :  ** 

Under  best  conditions  and  continuous  operations  we  can  melt  1  ton  of 
aluminum  per  hour  with  a  power  consumption  of  pUghtly  less  than  600  kw. 
per  ton. 

We  have  had  sonie  difficulty  with  the  furnace  due  to  Inherent  defeets  or 
objectionable  features  In  the  design.  The  resistor  troughs  are  a  source  of 
trouble,  failing  frequently.    The  transformer  supplied  with  this  furnace  was 

built  by  the  Electric  Furnace  Co.,  and  has  given  us  some  trouble.    It  Is 

-    -     '    — ^  — • ■ — 

M  Miller,  D.  D.,  The  remelting  of  alumiDum  pig  in  the  electric  furnace :  Chem.  and  Met. 
Eng..  vol.  10,  1918,  p.  261. 

*>'  Bee  Baily,  T.  F.,  and  Cope,  F.  T.,  U.  S.  Patent  1,322,749,  Noy.  26,  1919. 

^  Richards,  J.  W.,  Electric  power  required  to  melt  metals ;  Trans.  Am.  Brass  Found- 
ers* Assn.,  vol.  4,  1910,  p.  93. 

**  Laschtschenko,  P.  N.,  BpeclBc  heat  of  aluminum :  Jour.  Buss.  Phys.  Cb«m.  Soc.  roL 
10,  No.  66,  1914,  p.  311 ;  see  aluo  Merica,  P.  D.  Aluminum  and  its  light  alloys:  Bureau 
of  Standards  Ctrc.  76,  1919.  p.  27;  me  also  Wttst,  E.,  Meuthen,  A.,  and  Dufrer,  B., 
Thermal  oonatanta  of  technical  mat^rlalff,  Instrumentenkuode^  voL  39,  1919,  pw  294; 
Chem.  Ahstr.,  vol.  14,  1920,  p.  1241. 

M  Vail,  A.  E.  personal  communication,  Jan.  21,  1920, 
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"  Niomber  One  *'  in  tlielr  series  and  I  am  inclined  to  think  could  be  consider* 
ably  improved  upon  in  design.  We  purchased  this  furnace  primarily  for  mak- 
ing high  zinc  alloys  of  aluminum.  We  found  that  there  was  a  noticeable 
decrease  in  the  zinc  losses  over  an  oil  fired  or  coal  fired  open  hearth  furnace. 
On  the  regular  run  of  aluminum  we  could  see  no  appreciable  decrease  in  the 
melting  loss.  It  waa  only  in  the  ease  of  zinc  alloys  that  this  difference  was 
appreciable. 

Our  operating  conditions  are  such  that  we  could  not  keep  the  furnace  in 
continuous  ox)eratlon.  It  has  a  very  high  heat  capacity  and  requires  a  good  deal 
of  power  to  bring  the  furnace  up  to  the  proper  operating  temperature.  When 
operated  intermittently  this  is  a  decided  drawback,  since  a  large  proportion 
of  the  power  used  is  consumed  in  heating  up  the  furnace.  Over  a  period  of 
time  we  found  that  under  such  conditions  the  power  consumption  was  approxi- 
mately 700  kw.  per  ton  of  metal  melted.  As  a  consequence  we  have  practically 
abandoned  the  use  of  this  furnace  for  melting  aluminum.  At  the  present 
moment  we  are  seriously  considering  rebuilding  the  furnace  for  use  as  a  pre- 
heating furnace  for  heating  ingots  for  the  rolling  mill.  The  furnace  has  the 
decided  advantage  of  close  heat  control  and  when  operated  at  temperatures 
in  the  neighborhood  of  1,000  to  1,200''  F.  it  will  stand  up  and  give  good 
service  for  a  considerable  period  of  time.  We  have  an  annealing  furnace 
operating  under  such  conditions  which  is  giving  very  satisfactory  results,  but 
we  can  not  say  that  we  have  been  well  satisfied  with  the  performance  of  the 
melting  furnace. 

In  a  test,  not  made  primarily  for  taking  the  figures  of  povrer  con- 
sumption, on  a  standard  105-kw.  Baily  furnace,  which  was  attended 
by  a  representative  of  the  bureau,  the  furnace  had  been  kept  hot 
for  some  12  hours  beforehand,  a  power  input  of  about  30  kw.  being 
used  in  that  period.  The  roof  temperature  at  the  start  was  1,780°  F. 
(970*^  C.) ;  100  pounds  of  No.  12  alloy  (92  per  cent  Al,  8  per  cent 
Cu)  were  melted  and  raised  to  850°  C,  in  1  hour  and  25  minutes, 
the  roof  temperature  then  being  1,825°  F.  (995°  C). 

The  furnace  was  run  at  about  40  kw.  The  power  was  then  cut  off, 
some  metal  poured,  and  the  furnace  left  without  power  for  1  hour 
and  10  minutes,  when  the  roof  temperature  was  1,850°  F.  (1,010°  C.) 
and  the  metal  was  at  910°  C,  showing  the  great  heat  storage  of  the 
furnace.  The  power  was  then  put  on  again,  50  pounds  more  of  the 
alloy  added,  more  metal  was  then  poured,  and  after  1  hour  and  40 
minutes  the  charge  was  at  980°  C. 

In  the  whole  4  hours  and  25  minutes,  192  kw.  h.  were  consumed  in 
melting  and  superheating  150  pounds  of  the  alloy,  in  supplying  radi- 
ation losses  while  the  furnace  was  held  at  about  the  temperature 
required  in  melting  aluminum  regularly,  and  in  heating  the  furnace, 
at  the  end,  to  somewhat  above  the  initial  temperature.  The  actual 
melting  of  the  aluminum  would  take  some  22  kw.  usefully  applied. 
Hence  170  kw.  supplied  the  radiation  losses  for  about  4J  hours.  If 
it  thus  takes  some  40  kw.  to  hold  the  furnace  at  the  proper  tem- 
perature without  doing  work,  a  100-kw.  furnace  should  utilize  about 
60  kw. ;  that  is,  should  melt  about  400  pounds  per  hour,  as  300  kw. 
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usefully  applied  theoretically  melts  a  ton.  We  should  then  expect 
on  24-hour  operation  that  the  100-kw.  Baily  furnace  would  use  500 
kw.  h.  per  ton  of  aluminum  and  that  on  10-hour  operation  it  would 
require  at  least  600  kw.  h.  per  ton. 

Figures  have  already  been  given  on  the  performance  of  the  105*kw. 
Baily  furnace,  showing  675  to  625  kw.  h.  per  ton,  and  on  the  rec- 
tangular 50-kw.  furnace,  showing  850  kw.  h.  per  ton,  both  on  a  9-hour 
melting  day.  The  net  metal  loss  on  105-kw.  furnace,  melting  No. 
12  alloy,  was  estimated,  but  not  actually  determined,  at  0.3  per  cent, 
and  the  average  net  loss  in  the  50-kw.  furnace  was  0.7  per  cent. 

BAILY  FXJBNACES  FOB  MBLTIKG  ZIKC. 

A  75-kw.  Baily  furnace  has  recently  been  sold  to  the  Hen  Smelt- 
werk,  of  Norway,  for  melting  zinc.    No  operating  data  are  available. 

The  1,000-kw.  tapping-type  furnace  instaUed  by  the  Anaconda 
Copper  Mining  Co.,  for  melting  electroljrtic  zinc  cathodes  is  claimed 
to  operate,  on  24-hour  service,  at  75  kw.  h.  per  ton.  In  January, 
1918,**  out  of  5,112,335  pounds  melted,  4,846,710  pounds  were  poured, 
the  dross  being  5.20  per  cent.  In  four  days  in  January,  1919,**  l,ll^r 
580  pounds  were  melted  and  1,088,397  pounds  poured,  or  a  loss  of 
2.40  per  cent. 

The  Anaconda  Copper  Mining  Co.  states**  that  the  life  of  the 
resistor  troughs  in  Uie  zinc  furnace  is  about  three  to  four  months; 
that  the  most  economical  tonnage  of  the  furnace  is  75  tons  per  24 
hours,  the  power  consumption  100  kw.  h.  per  ton,  and  that  the  Baily 
furnace  is  not  considered  a  suoceas  for  melting  zinc  cathodes^  its 
use  having  been  discontinued  in  favor  of  a  coal-fired  reverberatory, 
which  is  cheaper  and  makes  less  dross.  A  net  recovery  of  prac- 
tically 100  per  cent  of  the  zinc  charged  was  made,  but  it  was  desirable 
to  avoid  the  necessity  of  having  to  recover  the  metal  f rcxn  the  droes, 
which  averaged  6.5  per  cent.  The  General  Electric  type  and  the 
Ajax  induction-type  furnaces  are  also  said  by  the  Anaconda  Copper 
Mining  Co.  to  be  unsatisfactory  for  melting  zinc. 

Later  reports*'^  give  fuller  reasons  for  the  failure  of  the  electric 
furnace  on  zinc  cathodes. 

The  cathodes  form  dross  in  melting  in  any  furnace,  and  the  blanket 
of  dross  prevents  efficient  transfer  of  heat  to  the  charge  in  the  electric 
furnace.  To  get  anywhere  near  the  rated  production  of  the  furnace 
(170  to  200  tons  per  day)  the  rate  of  energy  supply  must  be  so  rapid 
and  the  resistor  temperature  so  high  that  there  is  volatilization  of 
zinc  over  3^  per  cent  (about  6  to  7  tons  per  day).    At  a  production 

^Data  from  adrertlsiiig  literature,  Blectrlc  Farnaee  Co. 
^AnacoDda  Copper  Mining  Co.,  private  commnnicatlon,  Dec  16  and  22,  1919. 
^Lalat,  F.,  Frlck,  F.  F.,  Elton,  J.  O.,  and  Caplee,  R.  B.,  EHectrolytlc  alnc  plant  of 
Anaconda  Copper  Ifflalog  Co. :  IllnUig  and  Metallurgy,  BaU.  Na  1,028,  1920,  p.  84. 
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•rate  of  only  100  tons  per  day  the  resistors  must  run  at  so  high  a  tem- 
perature that  their  life  is  too  short.  At  70  tons  per  day — ^that  is,  at 
a  low  rate  of  power  input,  so  that  heat  oonduction  through  Uie  chai^ 
can  prevent  surface  orerheating*  and  volatilization  and  so  that  the 
recdstors  do  not  run  so  hot — the  furnace  compares  favorably,  metal* 
lurgically,  with  ooal-fired  reverberaiories,  but  the  item  of  interest  on 
investment  at  the  low  rate  of  production  is  so  high  as  to  make  the 
furnace  uneconomical. 

A  50-kw.  nose-tilting  Baily  furnace  for  melting  silver  has  recently 
been  sold  to  Johnson,  Matthey  &  Co.  (Ltd.),  London. 

MELTING  CAST  IBON  AND  STEEL  IN  THE  BAIL7  FUBNACE. 

Experimental  melting  of  cast  iron  has  also  been  done  in  the  Baily 
furnace.** 

It  is  also  stated  **  that  in  a  Baily  furnace  in  which  the  usual  hearth 
had  been  given  an  inner  lining  of  magnesite  1,000  pounds  of  boiler- 
plate scrap  was  melted  in  seven  and  one-half  hours,  with  the  furnace 
running  at  about  90  kw.,  the  heat  being  started  with  the  furnace  at 
full  steel-melting  temperature.  It  took  about  75  kw.  to  hold  the 
empty  furnace  at  this  temperature.  It  is  argued  from  this  test  that 
high-speed  steel  can  be  handled  in  the  Baily  furnace. 

The  rate  of  melting  is  very  slow,  and  if  it  be  increased  by  raising 
the  power  input  the  life  of  the  resistor  trough  would  undoubtedly 
be  very  short.  It  is  doubtful  if  the  resistor  trough  would  stand  up 
long  enough  to  make  the  furnace  practical  on  tool  steel  even  at  the 
usual  low  rate  of  power  input  used  on  brass  on  account  of  the  small 
leeway  between  tlie  furnace  temperature  and  the  temperature  at 
which  the  resistor  trough  fails. 

STTliMABT  ON  BAIL7  FCTBNACE. 

The  standard  105-kw.  Baily  furnace  is  said  by  the  makers  to  be 
capable  of  melting  2 : 1  yellow  brass  with  400  kw.  h.  per  ton,  50  cents 
per  ton  furnace  upkeep,  and  1  per  cent  net  metal  loss.  According 
to  reports  from  users,  it  appears  that  with  careful  operation  of  the 
furnace  this  statement  is  correct,  but  that  the  figure  of  400  kw.  h. 
needs  amplification.  It  can  be  reached  by  operating  16  hours  per 
day,  or  lowered  by  operating  24  hours  per  day,  but  it  would  be  diffi- 
cult, if  not  impossible,  to  reach  it  in  regular  10-hour  operation. 

Working  conditions,  as  to  coolness,  cleanliness,  and  convenience 
are  good,  as  are  also  the  reliability  and  refractory  life.  Its  electrical 
characteristics  are  satisfactory ;  it  is  one  of  the  simplest  and  easiest 
of  furnaces  to  operate;  it  gives  a  low  metal  loss,  and  most  of  its 

^  AnonymouB,  Meltlnfir  cast-Iron  scrap:  Iron  Age»  vol.  107.  1921,  p.  1686. 
«B  Anonymous,  Melting  steel  in  a  nontaroas  electric  famace :  Iron  Age,  vol.  106,  1921, 
p.  472. 
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uaers  conaider  that  it  shows  a  decided  saving  over  the  fuel-fired  fur- 
naces it  has  replaced.  A  doEen  finus  have  each  installed  more  than 
one  Baily  furnaca 

The  furnace  is  flexible  in  thai  it  can  handle  aUc^  high  or  low 
in  zinc  and  can  change  from  one  alloy  to  anotbar.  The  furnace  is 
not  capable  of  s  very  high  rate  of  pruduction  aad  is  not  so  susoeptibla 
to  close  temperature  control,  nor  does  it  mix  the  metal  as  -wtH  as 
some  other  types.  These,  with  its  rather  poor  performanoe  as  to 
power  consumption  on  10-hour  operation,  are  its  greatest  disad- 
vantages. 

GEKERAL  ELECTRIC  FITKITACE. 

A  furnace  similar  to  the  Baily  in  that  the  bulk  of  the  heat  is  re- 
flected onto  tbe  hearth  from  the  roof  but  differing  in  the  way  the 
heat  is  generated  has  been  developed  by  the  (Jeneral  Electric  Co. 
This  is  described  by  Valentine"  and  by  Collins."  The  principle  of 
this  furnace  can  be  seen  from  figures  17,  18,  19,  and  Plate  IX  (page 
125). 


FioDBi  IT, — Diagram  of  dralgn  of  General  Electric  funiace.  with  detail  of  beating  vlcment. 
A  hearth  is  provided  in  the  central  part  of  a  large  furnticu  enclo- 
sure. Each  side  of  the  hearth,  at  each  end  of  the  furnace,  is  a.  bed  of 
carbon  slal)6  over  which  is  piled  granular  resistor  carbon.  The  granu- 
lar material  is  held  up  by  tlie  carborundum  end  walls  of  the  hearth. 
Two  vertical  electrodes  (graphite,  5  or  6  inches  in  diameter)  project 
through  water-cooled  rings  in  the  roof  at  each  end  (four  dectrodes 
in  all).    The  electrode  holders  are  also  water-cooled.    The  tips  of 

"  VatMiilne,  I.  B.,  D.  8,  Pntmt  l,2<a.27B.  Ort.  9.  IWT. 

»Polllna,  E.  F.,  U.  S.  Pabut  l,aTl,280,  Jiilj  2.  lalS  i  BImicIo  taniacc  for  aMlttDB 
iiiiDrerrniis  metnU  and  their  alloys:  Jour.  Clevelmiil  Eug.,  Soc,  toI.  11,  1916.  p.  293; 
Knundrj'.  vol.  «T,  IdlU,  pp.  2fl4,  329:  Mital  lod.,  vol.  IT,  lUlO,  p.  221  ;  Cbi^m.  Uet.  Ji^lv.. 
vol.  21.  11110.,  p.  ST:!:  AnoDymoiu.  Electric  (urnace  r«plaela|[  rruclblai :  Inui  Age,  vol. 
104,  1019.  p.  91»:  aeei  eleo  SI.  Jolin,  II.  M.,  DIbcuuIod  ol  above  paper;  Chem.  aod 
Uet.  Ere,,  vol.  22.  1920,  p.  IIS. 
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FtDOtB  18. — DUgTBia  of  Qeneral  Electric  rMitanfulBr  funiaM. 
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these  electrodes  are  partly  submerged  or  buried  in  granular  graphite 
resistor  material,  but  are  in  poor  contact  with  it,  so  that  a  number  of 
tiny  arcs  are  drawn  from  the  tips  to  the  granular  graphite,  and  some 
heat  is  generated  by  the  passage  of  current  through  the  resistor 
itself.  The  furnace  is  sometimes  described  as  being  a  smothered,  or 
mufBed  arc  furnace,  but  the  makers  prefer  to  call  it  a  contact-arc 
resistance  furnace.  All  four  electrodes  can  be  in  series  on  a  single- 
phase  line,  or  each  set  of  two  can  be  operated  from  one  phase  of  a 
two-phase  circuit,  which  can  of  course  be  taken  from  a  three-phase 
line  by  the  Scott  connection.  The  furnace  is  essentially  a  two-phase 
furnace  and  takes  60  to  70  volts  per  phase.  It  is  provided  with  charg- 
ing doors  at  front  and  rear  and  with  a  pouring  spout  at  the  front. 
The  furnace  shell  and  the  masts  supporting  the  electrodes  are  sup- 
ported on  a  cradle,  the  whole  thing  being  motor  tilted  to  pour.  Small 
doors  are  provided  each  side  of  the  charging  door,  in  line  with  the 
electrodes,  through  which  the  heating  troughs  and  electrodes  can  be 
observed,  and  through  which  granular  resistor  carbon  may  be  added 
as  it  bums  away.  While  the  heat  is  mainly  generated  in  the  four 
arcs,  the  conducting  bed  of  granular  resistor  serves  to  delocalize  some- 
what the  heat  sources. 

The  location  of  the  heating  troughs  in  contact  and  on  a  level  with 
the  hearth  allows  some  heat  to  flow  through  the  hearth  wall  by  direct 
conduction  instead  of  all  the  heat  being  radiated  from  a  remote  heat- 
ing element  as  in  the  Baily  furnace. 

The  power  input  is  regulated  entirely  by  automatic  control,  each 
electrode  having  a  control  device  that  adjusts  the  electrode  to  take  ex- 
actly its  share  of  the  load ;  the  heat  generated  in  each  of  the  four 
corners  of  the  furnace  is  thus  kept  equal  and  the  operator  is  relieved 
of  any  manual  labor  in  the  regulation  of  the  furnace.  He  merely 
turns  a  rheostat  handle  to  alter  the  power  taken  by  the  furnace.  This 
automatic  control  involves  the  use  of  a  number  of  meters,  con- 
tactors, etc.,  making  the  fully  equipped  furnace  very  expensive;  it 
reduces  the  operator's  labor,  however,  and  makes  the  load  of  the 
furnace  highly  satisfactory  to  the  central  station,  as  the  load  is  dis- 
tributed uniformly  on  the  phases,  is  free  from  surges,  and  has  a 
power  factor  of  nearly  unity. 

The  furnace  is  electrically  reliable,  but  its  inherent  nature  makes 
it  excessively  hard  on  refractories,  so  that  its  operating  reliability 
is  a  direct  function  of  the  refractory  life.  If  the  roof  alone  fails, 
a  spare  roof  can  be  put  on  without  a  long  delay,  but  failure  of  the 
hearth  necessitates  cooling  the  furnace  and  rebuilding  the  hearth. 

The  furnace  in  its  usual  size  has  a  capacity  of  1,500  to  2,500  pounds 
and  is  provided  with  a  total  transformer  capacity  of  400  kv.  a.,  in 
the  li-ton  size,  about  300  to  325  kw.  being  used  normally.  This 
type  allows  a  very  much  higher  rate  of  power  input  than  in  the  case 
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of  the  Baily  furnace,  which  is  rated  at  only  105  kw.  for  a  capacity 
of  1,000  to  1,500  pounds. 

The  source  of  heat  is  more  localized  than  in  the  Baily,  and  the 
temperature  of  this  source  is  higher.    Though  the  arcs  are  to  some 


degree  smothered,  the  temperature  around  the  tips  of  the  electrodes 
is  not  far  below  that  of  the  arc.    The  high  temperature  energy  must 
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be  reflected  back  mainly  from  the  roof  and  eud  walls  be&ire  it  can 
reach  the  hearth.  Almost  no  part  of  the  heat  goes  to  the  bath  by 
direct,  unreflected  radiation^  as  it  dloes  in  i^e*  ordinary  indirect-arc 
furnace. 

In  order  to  maintain  the  roof,  it  has  been  raised  and  its  shape 
altered,  from  the  ori^nal  design  shown  in  the  patents  to  a  form  in 
which  the  heat  is  reflected  more  directly  to  the  bath.  The  roof  has 
no  heat  insulating  lagging  at  the  ends,  direct^  over  the  heating 
troughs,  and  only  a  little  in  the  center,  as  the  roof  fails  if  it  is 
insulated.  % 

Munroe  fire  brick,  chromite^and  Hybrand  fire  brick  have  all  shown 
too  short  life  in  the  roof.  The  chromite  roof  was  reduced  by  the 
CO  atmosphere. 

A  1,000  to  1,500  pound  furnace,  taking  an  average  of  about  170 
kw.,  was  tried  out  in  the  General  Electric  plant  at  Schenectady  in 
1917  on  1,000-pound  heats  of  a  red  brass  of  80  to  85  per  cent  Cu 
(sheet  punchings),  10  per  cent  Zn,  balance  Sn  and  Pb  (new  metals), 
10-hour  operation,  no  night  heating.  According  to  reports  the  fur- 
nace melted  about  ^  heats  (4  tons)  per  10-hour  day,  at  a  power  con- 
sumption of  about  350  kw.  h.  per  ton  under  the  most  favorable 
conditions. 

The  average  metal  loss  was  said  to  be  about  0.75  per  cent.  It  was 
stated  that  only  about  8  pounds  of  electrodes  were  used  in  10  hours. 

Collins  °'  tabulates  the  kw.-h.  consumption  necessary  for  melt- 
ing in  a  2,000-pound  capacity  400-kw.  General  Electric  furnace  as 
follows : 


Table  32. — Claims  made  by  General  Electric  Co,  for  performwnce  of  J-ton 

furrMce, 


Alloy. 


Red  brass. 
Do.... 


Yellow  brass. 

Do 

Cupronickel. . 
Nickel-sUver. 


Composition. 


80  Cu,  10  Zn,  1 8n,  4  Pb,  from  scrap  and  new 

metal. 
Yellow  scrap  and  Cu  or  red  brass  and  Zn,  with 

gates  and  chips. 
60  Cu,  39^  Zn,  ^  JPb.  from  scrap  and  new  metal. 

Scrap,  gates,  and  chips 

Scrap  and  billets 

Scrap  Cu,  scrap  Nl 


Kw.h.per 
ton. 

Metal  loss. 

Pouring 
tempera- 
ture. 

250  to  400 

Pereeni. 

a25toa7 

.15to  .50 

.50  to  1.0 
.40  to  1.0 

D€gr««9, 

225  to  300 
220  to  350 

1,300 

200  to  275 
000  to  750 

1,100 
a  1.600 
0  1,650 

500  to  750 

a  These  pouring  temperatures  appear  abnormally  high  to  the  writers. 

He  gives  a  chart  "to  show  how  foundry  handicaps  prevent  the 
electric  furnaces  from  making  red  brass  on  minimum  power  con- 
sumption," which  assumes  that  the  furnace  itself  is  capable  of  melt- 
ing at  275  kw.  h.  per  ton  plus  25  kw.  h.  per  ton  lost  in  transformer 

■■■..  ..      --- -.-.1-— ..1  ■_»■..-...■■■-.---. . . . . . ^  .  --,1    ,  , 

"'  Collins.   K.   F.,   Electric  furnace  for   mcUin?   nonforrous   metals :    Foundry,    vol.   47, 
1019.  p.  329;  Jour.  Cleveland  Bncr.  8o«.,  tol.  11,  1019,  p.  298. 
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and  secondary  leads ;  that  is^  300  kw.  h.  is  taken  as  the  standard  of 
what  th«  faniace  should  do  under  perfect  foundry  conditions.  The 
diart  shows  that  the  actual  power  used,  with  these  handicaps,  was 
about  350  kw.  h.  per  ton. 

No  statement  is  made  as  to  whether  or  not  this  chart  includes  pre- 
heating the  fumacoi  Anotifter  chart  shows  that  the  furnace  is  pre- 
heated empty  about  three  hours  before  charging,  and  the  first  heaft 
was  charged  about  half  an  hour  before  the  foundry  10-hour  working 
day  begins,  the  production  averaging  4^  tons  per  day,  or  about  825 
pounds  per  hour,  under  imperfect  foundry  conditions,  although  in 
the  text  the  melting  rate  is  once  given  as  1,500  pounds  per  hour, 
and  again  as  1,700  pounds  per  hour.  These  latter  figures  probably 
refer  to  24-hour  op^ation. 

GENEBAIi  EIiECTBIC  PXrBNACE  AT  PTiATfT  OF  CRANE  CO. 

A  General  Electric  furnace  was  installed  at  the  plant  of  the  Crane 
Co.,  Chicago,  for  commercial  test  by  the  General  Electric  Co.,  a  rep- 
resentative of  the  General  Electric  Co.  being  present  whenever  the 
furnace  was  run.  Intermittent  tests  were  made  throughout  1918, 
continual  running  being  impossible  because  of  the  repeated  failure  of 
the  roof  which  necessitated  replacement  and  redesign.  The  furnace 
was  run  on  valve  metal,  ladle  poured.  Much  trouble  was  found  in 
making  cored  valve  bodies  to  stand  hydraulic  test,  the  percentage 
of  "  leakers  "  being  far  above  that  from  crucibles,  according  to  the 
Crane  Co.,  but  according  to  the  General  Electric  Co.,  when  the  metal 
was  poured  with  a  properly  preheated  ladle,  defective  castings  from 
the  electric  and  the  crucible  furnaces  ran  neck  and  neck.  One  source 
of  trouble  was  the  structural  weakness  of  the  hearth,  the  carborun- 
dum walls  of  which  were  under  the  pressure  of  the  molten  metal  on 
one  side  and  served  to  retain  the  hot  resistor  on  the  other.  Metal 
seemed  to  leak  through  a  crack  in  the  hearth  and  to  collect  silicon 
that  had  been  produced  either  by  reduction  of  silicates  in  the  ash 
from  the  resistor,  or  by  the  decomposition  of  carborundum  at  a  hot 
spot  in  the  resistor.  At  any  rate,  silicon  was  picked  up,  the  product 
from  the  furnace  being  often  ruined  by  silicon,  although  the  same 
charge  melted  in  crucibles  did  not  pick  up  silicon.  There  was  also 
some  question  whether  this  class  of  work  could  be  satisfactorily  made 
with  ladle-poured  metal,  owing  to  the  fact  that  there  was  more  oxi- 
dation of  the  stream  of  metal  in  pouring  from  furnace  to  ladle  and 
then  from  ladle  'to  mold  than  in  the  single  pour  from  a  crucible. 

At  any  rate,  this  furnace,  as  operated,  did  not  impress  the  Crane 
Co.  by  quality  of  product.    No  difference  was  seen  in  metal  losses 
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between  this  electric  furnace  and  crucibles.  The  ayerage  power 
consumption  per  ton  was  excessively  hi^  during  the  periods  of  roof 
troubles,  but  came  down  under  the  most  favorable  conditions  to 
about  400  kw.  h.  per  ton  for  10-hour  operation. 

The  furnace  was  finally  dismantled  and  retomed  to  the  makers 
in  1919.  Etetailed  data  on  the  experience  with  this  furnace  at  the 
Crane  Co.  would  be  very  instructive,  as  they  might  indicate  whether 
the  inapplicability  of  the  furnace  to  the  type  of  work  was  due  to 
the  furnace,  to  its  method  of  operation,  or  whether  no  electric  fur- 
nace would  handle  that  work.  By  the  terms  of  the  contract  under 
which  the  General  Electric  Co.  luid  supplied  this  furnace  for  test, 
the  Crane  Co.  was  not  able  to  give  out  detailed  data. 

The  rejection  of  the  furnace  does  not  seem  to  be  due  to  any 
prejudice  of  the  Crane  Co.  against  electric  furnaces,  as  the  firm 
is  well  satisfied  with  its  Heroult  steel  furnace  and  is  at  present  trying 
other  types  of  electric  brass  furnaces. 

Two  other  Greneral  Electric  furnaces  are  installed  at  the  McNab 
&,  Harlan  Manufacturing  Co.  To  an  inquiry  addressed  to  this 
company  reply  was  made  that  the  furnace  had  never  been  used  for 
melting  brass,  but  only  for  a  higher  melting,  patented  alloy, 
^'  Aterite,"  and  that  the  company  would  object  to  furnishing  any  dat^ 
or  information,  as  the  alloy  is  made  under  a  formula  which  they  do 
not  disclose. 

It  is  reported  from  other  sources  ^'  that  the  alloy  is  a  nickel  alloy 
somewhat  similar  to  an  18  to  30  per  cent  zinc-nickel  brass  (German 
silver),  but  low  in  nickel  and  carrying  iron  and  lead. 

Metal  losses  as  low  as  1  per  cent  and  power  figures  as  low  as  400 
kw.  h.  per  ton  on  16-hour  operation  have  been  claimed  operating  on 
alloys  of  this  type  poured  at  about  1,400°  C.  (2,650°  F.)  and  per- 
haps even  up  to  1,600°  C.  (2,900°  F.). 

It  is  a  pity  that  full  details  on  the  lining  used  and  its  life  can  not 
be  obtained,  for  if  the  furnace  shows  reasonable  reliability  as  to 
linings  on  such  service  it  ought  to  be  almost  free  from  lining 
troubles  on  brass  or  copper. 

GENERAL  ELECT&IC  FtTBKACE  AT  tTNITEI)  STATES  COPPEB  PBOD- 

trCTS  COKPOAATION. 

Another  of  these  furnaces  is  installed  at  the  plant  of  the  United 
States  Copper  Products  Corp.  This  is  a  l^-ton  furnace,  run 
24  hours  a   day  at  300  to  325  kw.,  melting  copper,   which   is 

*>  ConpsTC  Colllni,  B.  L.,  Meltfnr  nonferroiis  metals  and  thpir  alloys  in  the  electrtc 
furnace:  Jonr.  CleTeland  Eng.  Soc.,  toI.  11,  1019.  disaiaidon,  p.  816;  TIckeri,  C.  What 
Is  Atertte?  Foundry,  toI.  48,  1920,  p.  70;  Merica,  P.  D.,  Mlsc?U«ncons  alloys  of  nlck^; 
Chem,  And  Met.  En^-.  ▼ol.  24,  1921,  p.  992, 
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poured  at  1^00°  to  1^30°  C.  (2^^  to  2;260°  F.).  Twelve  heats  per 
day  are  obtained.  The  power  is  on  about  1^  hours  per  heat,  and  it 
takes  three-fourths  of  an  hour  to  charge  and  pour.  In  average 
operation  it  is  reported  that  it  takes  550  kw.  h.  per  ton  of 
copper  on  24-hour  operation,  though  if  more  rapid  charging  and 
pouring  were  done  this  figure  might  perhaps  be  reduced  to  300. 
There  is  no  weighable  loss  in  melting  copper.  On  the  basis  of  about 
25  heats  made  with  this  furnace  on  60:40  brass,  it  was  thought 
that  by  hurrying  the  charging  and  pouring  to  cut  the  time  the  power 
is  off  to  15  minutes,  eighteen  1-ton  heats  could  be  made  in  24  hours. 

If  power  were  on  19  hours  out  of  the  24,  and  the  furnace  run  at  300- 
kw.  average,  the  power  consumption  would  then  figure  out  to  310  kw. 
h.  per  ton.  The  metal  loss  on  heavy  yellow  scrap  is  about  1  per  cent. 
The  representative  of  the  General  Electric  Co.  stationed  at  this 
plant  stated  the  furnace  did  not  work  well  on  fine  yellow  scrap  or 
turnings. 

With  a  Hybrand  brick  roof  the  furnace,  melting  copper,  gave  from 
from  125  to  180  heats.  At  12  heats  per  day,  this  means  putting  on  a 
new  roof  every  10  to  15  days.  In  the  General  Electric  plant  at 
Schenectady  the  longest  roof  life  in  melting  brass  so  far  reported 
was  350  heats.  The  use  of  corundite  is  expected  by  the  makers  to 
double  this  life. 

Not  only  has  the  roof  given  much  trouble  on  the  furnace  at  the 
United  States  Copper  Products  Corp.  but  the  carborundum  hearth 
'  has  failed,  letting  metal  run  into  the  resistor  on  several  occasions. 
The  design  of  later  furnaces  has  been  slightly  altered,  lowering  the 
hearth  and  arranging  it  so  that  metal  is  less  likely  to  work  through 
into  the  resistor. 

A  spare  roof  must  be  kept  ready  to  put  on,  just  as  is  done  with  steel 
furnaces,  because  of  the  danger  of  the  roof  failing  at  any  time.  The 
furnace  is  purposely  constructed  both  as  to  walls  and  roof  with  so 
little  lagging  to  prevent  the  refractories  getting  too  hot  on  the  inside 
of  the  furnace  that,  in  contrast  to  most  electric  brass  furnaces,  it  is 
uncomfortably  warm  in  the  vicinity  of  the  furnace,  though  not  so 
hot  as  it  would  be  near  a  one-ton  fuel-fired  furnace.  The  Washing- 
ton Navy  Yard,  Washington,  D.  C,  and  the  Ohio  Brass  Co.,  Mans- 
field, Ohio,  have  installed  IJ-ton  General  Electric  furnaces. 

The  smothered  arcs  of  the  General  Electric  furnace  are  very 
similar  to  a  plan  suggested  by  Bennerfelt.** 

Kennerfelt  also  suggests  a  design,  evidently  intended  primarily 
for  melting  glass,  of  a  furnace  very  similar  in  principle  to  the  Gen- 

»« Benn^elt,  L.,  U.  S,  Pfttents  J,305,16T,  May  27,  1919,  and  1,318,834,  Aug.  19,  1919, 
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enl  Electric  furnaoe  in  whi(di,  as  shown  in  figure  20,  three  smothered 
arcs,  one  for  each  phase  of  a  three-phase  (Hrcuit  arc  arranged  aboat 
the  furnace  wall,  the  central  part  of  the  furnace  containing  either. a 
noelting  hearth  or  crucibles.    Beuuerfelt  emphuiaes  the  severe  treat- 


FiavRB  20. — Romerfelt  circular  farDice  Oeaigti. 
ment  such  an  arrangement  imposes  on  the  refractories  near  the 
smothered  arcs  and  reiterates  the  necessity  of  u^ng  extremely  re- 
fractory materials  at  such  points  on  this  account.  The  General 
Electric  Co.  has  recently  developed  a  modification  of  its  brass  fur- 
nace, which,  as  is 
shown  in  figure  21, 
Plates  X,  B,  and 
XI,  is  similar  to  the 
Bennerfelt  scheme. 
The  Kennerfelt  plan 
uses  open  arcs  to  a 
bed  of  granular  ma- 
terial, while  the  Gen. 
eral  Electric  tries  to 
avoid  open  arcs.  In 
the  new  General 
Electric  furnace, 
first  tried  in  an  800- 
pound  size  and  later 
developed  in  a  1,500- 
pound  and  larger 
sizes,  there  are  three 
electrodes  extending 
downward  through 
P.o««  21.-Pl,ui  of  G«e«l  Electric  dr<»i«  ftm>^         *^^,     """^     **>     *^'*^ 

beds  of  granular 
graphite  over  carbon  wearing  blocks,  which  are  electrically  con- 
nected. 


INERFELT  FURNACES  AT  THE  PHILADELPHIA  MINT, 


B.  FRONT  VIEW  OF  1.500-POUND,  JSO-KW.  HE> 
TRIG  NONFERROUS  ELECTRIC  FURNACE  I 
MELTING  POSITION. 


FURNACE  SHOWN  IN  PLATE  X.  B,  WITH   ROOF  LIFTED. 
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The  furnace  is  circular  in  form,  and  the  general  arrangement  of 
hearth  and  heat  source  is  quite  similar  to  that  in  the  Baily  furnace. 
Figures  obtained  in  the  General  Electric  Co.'s  works  ^  on  the  new 
type  indicate  that  the  l,fiOO-poimd  250-kw.  size  will  melt  yellow 
brass  at  250  to  300  kw.  h.  per  ton,  24-hour  operation,  and  on  9-hour 
operation  at  325  to  375  kw.  h.  per  ton.  Metal  loss  on  an  alloy  with 
30  per  cent  zinc  was  1.14  per  cent  on  one  set  of  heats.  Electrode 
consumption  is  given  as  1^  to  2|  pounds  of  graphite  per  ton,  and 
about  1  pound  of  granular  graphite  per  ton  is  required  also.  The 
life  of  the  lining  is  stated  to  have  been  remarkably  good  on  the 
experimental  furnaces. 

The  prices  of  the  General  Electric  furnaces,  complete  with  trans- 
formers, meters,  automatic  electrode  control,  switchboard,  etc.,  were, 
in  April,  1920,  as  follows : 

Table  33. — ClaitiM  of  makers  of  Oeneral  Elecirio  furnaces  for  melting  brass, 

April,  1920, 
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The  General  Electric  furnaces  of  the  older  type  are  said  to  have 
operated  two  years  at  Schenectady  on  the  same  linings,  melting 
aluminum. 

The  same  sizes  as  are  used  on  brass  are  used  for  aluminum,  but  the 
transformer  capacity  supplied  is  lower. 

SUMKABT  ON  GENERAL  ELECTBIC  FtmNACE. 

The  General  Electric  furnace  has  very  good  electrical  character- 
istics and  can  be  operated  at  a  low  labor  cost.  It  is  capable  of  a  good 
rate  of  production.  The  metal  losses  appear  low^  though  few  data 
on  alloys  high  in  zinc  are  availabla 

The  design  of  the  furnace  is  thermally  inefficient,  the  transfer  of 
heat  from  its  source  to  the  metal  is  very  indirect,  and  there  is  a  good 
deal  of  waste  apace  in  the  furnace,  yet  tius  is  somewhat  compensated 
for  by  the  high  rate  of  i>ow^  input 

The  weak  point  of  the  furnace  is  the  life  of  the  refractories. 
The  furnace  has  evidently  been  designed  with  the  object  of  making 
a  load  desirable  to  the  central  station.    That  object  has  been  fuUy 

"  See  Wlnne,  H.  A.,  Recent  derelopmenti  in  electric  furnaces  of  the  ntnffled-arc  type : 
TraA&  Am.  fileetrochem.  .Soc,  vol.  41.     (In  preaa.) 

6872S'— 2^- 11 
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reached,  but  further  cDmmeroial  experience  most  be  obtained  with 
it  before  its  relative  value  to  the  foundry  itself,  as  compared  with 
other  commercial  famaces,  is  thonrngkly  nnderstood. 
Eaetick  **  has  criticized  the  design  of  the  General  Electric  famace. 

behhekfelt  oe  hahzltok  ash  uasses^  bevehbekatoet 

FITKHACS. 

A  more  recent  use  of  the  smothered  arc  as  a  heat  source  is  in  the 
Sennerfelt  reverberatory  type.'^ 

This  type,  shown  in  figure  22,  would  usually  be  made  tilting  in 
smaller  sizes,  and  tapping  in  the  larger;  vertical  electrodes,  usually 


FlQUBi  22. — OlaBrun  at  ReDnerfclt  reveberatarj-trpe  furnace  :  a,  cbuglDS  door ;  h,  melt- 
Ins  chamber;  e,  spout;  if,  wooden  strips  to  allow  fee  eipandmi;  e,  tap  hole;  f,  sUm 
door ;  g,  sfclm  plate ;  h,  aaod  tlffatly  iiaded  ;  1,  air  duct. 

three,  draw  arcs  to  a  heating  trough  of  carborundum,  containing 
granular  carbon  or  graphite.  The  voltage  naed  is  100.  The  trough 
runs  through  the  center  of  the  furnace,  with  hearths  for  metal  on 
each  side.  This  design,  using  arcs,  avmds  the  limitation  on  power 
input  which  makes  the  Baily  indficient  as  to  power  consumption.  It 
should  be  more  efficient  fiian  either  of  the  General  Electric  types,  aa 
the  heat  is  generated  in  the  middle  of  the  furnace  and  not  near  the 
end  walls,  so  that  it  does  not  have  to  travel  m  devious  a  path  before 

-EaeMck,  T.  H.  A.,  Letter  to  editor.  Metal  TrntDBtrr,  vol.  19,  1921.  p.  341. 
"  RcDDerfelt,  I.,  C.   B.  PaUnt   1,818,884,  Aug,   19,    1019;  D^Vlei,   H.   &„    BennerMt 
electric  rFTcrberatoiT  rarnace ;  Chem.  and  HeL  Bns.,  Td.  22,  102O|  p.  389. 
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it  reaches  the  metal.  As  the  electrode^  enter  at  the  center  of  the  arch 
instead  of  at  the  ends,  and  the  roof  and  side  walls  are  both  farther 
from  the  source  of  heat,  the  refractory  life  should  be  much  increased 
over  that  in  the  General  Electric  furnaces. 

The  two  hearths  might  be  separate,  and  handle  two  different  al- 
loys at  the  same  time,  so  that  the  furnace  could  operate  on  separate 
1,000-pound  charges  with  the  efficiency  of  a  1-ton  furnace.  All  the 
advantages  of  polyphase  power  and  of  automatic  control  shown-  by 
the  General  Electric  furnace  would  be  present  in  this. 

In  the  opinion  of  the  writers  the  location  of  the  heating  trough, 
embedded  between  the  two  hearths  and  below  the  metal  level,  is  a 
source  of  weakness,  as  analogous  construction  in  the  General  Electric 
furnace  caused  trouble  from  metal  working  its  way  into  the  trough. 
There  also  seems  to  be  danger  of  leakage  into  the  air  duct  provided 
below  the  trough  to  cool  it.  The  reliability  of  the  furnace  might  be 
largely  increased  if  the  air  duct  were  replaced  by  a  solid  carborun- 
dum brick  wall  between  the  two  hearths,  thus  making  the  construc- 
tion of  the  whole  hearth  solid,  and  if  carborundum  bricks  were 
placed  at  intervals  across  the  carborundum  wall  above  the  metal  level 
to  support  the  trough,  leaving  spaces  for  ventilation  and  radiation 
from  the  bottom  of  the  resistor.  When  the  trough  of  the  present  de- 
sign needs  repair,  both  hearths  will  have  to  be  partly  torn  out  and  re- 
built ;  the  proposed  design  would  allow  replacing  the  trough,  which 
is  doubtless  the  weakest  point,  without  interfering  with  the  hearths. 

Some  alteration  of  this  nature  was,  in  fact,  found  necessary  when 
the  furnace  was  put  to  an  actual  test,  since  the  makers  report  that  in 
a  trial  of  a  f5-kw.,  300-pound  furnace  at  the  Chicago  Faucet  Co., 
early  in  1921,  it  was  found  desirable  to  raise  the  carborundum  trough, 
which  is  now  entirely  exposed.  On  brass  containing  60  per  cent  Cu 
and  40  per  cent  Zn  the  furnace,  when  fully  hot  (as  in  24-hour  opera- 
tion) has  melted  at  the  rate  of  330  kw.  h.  per  ton,  which  is  a  good 
performance  for  so  small  a  furnace.  The  metal  loss  is  about  1  per 
cent  on  heavy  scrap  and  2  per  cent  on  borings.  The  electrode  con- 
sumption varied  between  3  and  4  pounds  per  ton,  and  that  of  granu- 
lar carbon  in  the  resistor  trough  was  about  2  pounds  per  ton.  In 
one  day's  run  6  heats  of  300  pounds  each  were  made,  the  furnace  be- 
ing preheated  for  an  hour  in  the  morning.  The  first  heat  required 
one  and  one-half  hours,  later  heats  not  over  one  hour  each.  The 
makers  claim  360  to  480  kw.  h.  per  ton  on  red  brass,  8-hour  operation. 
The  net  loss  is  said  to  be  one-half  of  1  per  cent  on  red  brass. 

ARC  FUBBTACES. 

Direct-arc  furnaces  in  which  the  arc  plays  directly  on  the  charge 
have  found  but  little  use  on  copper  alloys  because  of  the  intense 
local  heat  of  the  arc,  which  supplies  heat  more  rapidly  to  the  surface 
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of  the  charge  than  it  caa  be  carried  through  the  body  of  the  chai^ 
by  conduction.  This  results  in  local  overheating  and  in  consequent 
loss  of  volatile  constituent^ 

Over  30  years  ago  Slawianoff  ^^  described  an  apparatus  for  melt- 
ing metal  by  tlie  arc  for  such  purposes  as  filling  up  blowholes  in 
castings.  He  says :  '^  Experiments  show  that  brass,  after  electrical 
casting,  becomes  materially  altered  chemically  in  consequence  of 
the  burning  out  of  the  zinc." 

HEBOTTLT-TYPE  FTJBNAX^E. 

Hansen  *®  made  an  experimental  heat  of  6,000  pounds  of  copper  in 
a  Heroult-type  steel  furnace,  using  a  slag  1  to  1^  inches  deep.  Al- 
though the  average  temperature  of  the  metal  was  not  over  1,300°  C, 
copper  was  either  volatilized  as  a  gas  or  tiny  particles  of  metallic 
copper  mechanically  ejected,  and  the  workmen  were  made  ill.  There 
were  two  cases  of  copper  poisoning  at  the  Titanium  Alloy  Manufac- 
turing Co.  when  making  titanium  copper  in  a  direct-arc  furnace,  two 
men  being  nearly  killed  before  proper  ventilation  was  secured. 
There  is  evidently  a  real  danger  in  operating  a  direct-arc  furnace 
on  copper,  at  least  under  some  conditions.  In  any  experimental 
work  on  the  direct-arc  melting  of  copper  good  ventilation  should  be 
provided  and  the  workmen  supplied  with  suitable  respirators  or 
masks,  at  least  until  it  is  proven  that  no  dangerous  fume  will  be  given 
off  under  the  conditions  of  operation. 

To  avoid  the  volatilization  of  coppet  from  a  direct-arc  furnace  it 
would  probably  be  necessary  to  hold  the  power  input  down  to  a  rather 
low  rate,  so  as  to  allow  time  for  the  heat  to  become  more  uniformly 
distributed  through  the  melt.  Perhaps  s(wne  method  of  moving  the 
furnace  to  stir  the  charge  would  work  in  this  case,  provided  the 
stirring  did  not  alter  the  distance  from  electrode  to  bath  sufficiently 
to  cause  the  arc  to  break. 

There  seems  to  have  been  no  trouble  due  to  copper  fume,  in  the 
operation  of  direct-arc  furnaces  on  Monel  metal  or  bronze. 

A  three-phase,  1.500-pound  furnace  of  this  type  was  used  in  1915 
and  1916,  but  probably  not  thereafter**^  at  the  plant  of  the  Canadian 
Brakeshoe  Co.  Bed  brass  was  melted  under  a  slag  of  molten  glass. 
The  metal  loss  was  stated  to  be  under  2  per  cent.  The  furnace  was 
not  used  on  material  of  high  zinc  content. 

>•  SlawUnoff,  K.,  Bagltah  Putent  16.2T9,  «f  0«t  13, 1690;  U.  8.  P«t«dt  {^77»3^,  Feb.  14. 
1907;  application  filed  Jan.  29,  1891. 

"Hansen,  C.  A.,  Copper  polflonixiif:  Ket.  and  Clien).  Eng.,  vol.  9,  1011,  p.  67;  Electric 
melting  of  copper  and  brass :  Trans.  A«i.  Ittst.  lietftM,  vol.  6,  1012,  p.  110. 

*"Davy,  J.  E.,  jr.,  private  communications. 
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The  Driver-Harris  Co.,  Harrison^  N.  J.,^^  operate  two  basic  lined 
Heroult  direct-arc  furDaces,  rated  at  600  kw.  and  2  tons  capacity,  but 
up  to  3  tons  are  now  charged.  Three  heats  are  made  each  day  of  12 
to  14  hours  per  furnace.  Ani<mg  tiie  various  alloys  made  are  a  30 
per  cent  nickel  steel  and  one  with  85  per  cent  nickel  and  15  per  cent 
chromitun.  The  furnaces  are  therefore  to  be  included  both  among 
those  melting  ferrous  and  those  melting  nonferrous  alloys. 

The  power  consumption  averages  650  to  750  kw.  h.  per  ton,  and 
the  consumption  of  carbon  electrodes  is  14  pounds  per  ton.  The 
roofs  last  oidy  about  25  heats.  The  gross  metal  loss  is  given  as 
about  2i  per  cent. 

Another  Heroult  furnace,  at  the  plant  of  the  Hiram  Walker  &  Sons 
Metal  Products  Co.,  Ltd.,  in  Walkerville,  Ontario,  is  melting  nickel- 
iron*chromium  alloy& 

Direct-arc  furnaces  of  the  Snyder,  Heroult,  and  Greaves-Etchells 
types  are  in  use  ^'  for  melting  such  alloys  as  nickel-chromium,  Monel 
metal,  and  cupronickel. 

SNYDEB  TYPE  inTRNACES. 

Haynes  ^*  stated  in  1617  that  though  three  electric  furnaces  of  the 
Snyder  type  had  been  used  in  melting  Stellite,  a  cobalt-chromium 
alloy,  poor  results  had  been  traced  back  to  the  electric  furnace,  and 
the  electric  furnace  had  been  discarded  in  favor  of  melting  in  covered 
crucibles.  Mr.  Haynes  was  careful  to  say  that  he  did  not  mean  to 
assert  it  would  be  impossible  to  use  the  electric  furnace  successfully, 
and  that  investigations  were  planned  to  try  it  out  further. 

In  February,  1920,  Mr.  Haynes  ***  said  that  the  troubles  had  been 
overcome,  and  the  furnaces  were  now  giving  highly  satisfactory 
service.  The  power  consumption,  under  normal  conditions,  runs 
from  800  to  1,200  kw.  h.  per  ton.  In  work  on  Stellite  the  Haynes 
Stellite  Co.  has  been  able  to  get  as  much  as  3,000  heats  from  a  lining, 
an  astonishing  figure. 

A  60-kw.,  200  to  300  pound  Snyder  furnace  has  also  been  in  use 
on  a  cobalt-chromiiun  alloy  at  the  Chrobaltic  Tool  Co.,°^  Chicago, 
111.,  which  is  said  to  get  out  about  one  heat  per  hour  when  the  fur- 

<^ Compare  Easton,  W.  H.,  Electric  furnace  for  melting  alloys:  Elec.  World,  vol.  72, 
1918,  p.  205 ;  see  also  Major,  R.  M.,  IHectrlcal  production  of  alloys :  Trans.  Am.  Elec- 
trochem.  Soc,  vol.  37,  1020,  p.  441^ 

*  Compare  editorial,  Met.  Ind.  (London),  vol.  14,  1919,  p.  Ill;  Etcbells^  H.,  Met. 
Isd.  {London),  vol.  14,  1919,  p.  118;  Baston,  W.  H.,  Electric  furnacen  for  molting 
alloys:  Elec.  World,  vol.  72,  1018,  p.  295;  Diller,  H.  E.,  Foundry  standardises  nickel 
alloy:  Foundry,  vol.  48,  1920,  p.  200;  Arnott,  J.,  Monel  metal:  Motal  Ind.  (London), 
vol.  16,  1020,  p.  327;  Brooits,  G.  D.,  Dtscusston,  Metal  Ind.  (London),  vol.  16,  1020, 
p.  346. 

"•Haynes,  E.,  Discasaion,  Jour.  Am.  Inst  Metals,  vol.  11,  1017,  p.  433. 
** Haynes,  B.,  private  comnnuiicfttHma ;  see  also  Haynes,  E.,  Stellite:  Trans.  Am.  Blec- 
trochem.  Soc.,  vol.  37,  1020,  p.  880. 

*  See  anonymous,  Chrobaltic  cast  milliner  cutters :  Machinery,  vol.  26,  1010,  p.  354. 
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nace  is  fully  hot ;  this  figure  corresponds  to  about  600  kw.  h.  per  ton 
on  continuous  operation.  The  roofs  of  these  small  furnaces  are  said 
by  the  makers  to  stand  up  to  400  heats. 

It  has  been  stated  ^^  that  the  Green  direct-arc  furnace  would  melt 
brass,  but  no  data  are  given. 

In  1912  the  Metallurgic  Engineering  Co.  advertised  the  Snyder 
furnace  for  melting  brass,  stating:  ''  If  you  are  making  copper  cast- 
ings for  conductivity  purposes,  the  conductivity  of  electric  furnace 
castings  is  much  higher ;  if  you  are  making  brass,  the  loss  in  zinc  is 
much  lower.  For  steam  and  hydraulic  fitting,  the  electrically  melted 
copper  and  bronzes  are  more  dense  and  will  not  seep  under  high 
pressure  and  superheat."  On  attempting  to  get  full  data  from  the 
advertisers  it  was  stated  that  a  l^-ton,  300-kw.  steel  furnace  was 
used,  a  charge  of  1,200  pounds  copper,  600  pounds  zinc,  60  pounds 
lead,  and  200  pounds  brass  scrap,  or  2,060  pounds  total,  being 
melted  in  one  hour,  using  198  kw.  h.,  the  furnace  being  at  steel- 
melting  temperature  at  the  start,  and  hence  having  a  good  deal 
of  stored  heat.  A  thin  glass  slag  was  used.  No  figures  could  be 
obtained  on  metal  losses,  the  data  as  to  the  weight  of  metal  poured 
being  refused,  but  the  statement  was  made  that  the  loss  was  between 
i  and  1  per  cent.  A  representative  of  the  Commonwealth  Edison 
Co.  who  had  witnessed  the  test  said  that  dense  clouds  of  zinc 
fume  were  evolved  and  the  loss  appeared  to  be  high,  but  that  owing 
to  the  presence  of  some  molten  steel  in  the  furnace  at  the  start  the 
brass  poured  was  contaminated  with  steel.  The  test  was  worthless 
for  determining  metal  losses  or  power  consumption,  though  it  was 
apparently  the  basis  for  the  advertisement.  The  firm  later  stated 
that  the  advertisement  was  premature  and  a  mistake. 

GREAVES-ETCHELLS  FUBKACE. 

A  Greaves-Etchells  direct-arc  furnace,  1,000  pounds,  300  kw.,  is 
in  use  at  the  Hoskins  Manufacturing  Co.,  Detroit,  for  nickel-chro- 
mium alloys. 

Another  Greaves-Etchells  furnace  has  been  sold  to  the  Japanese 
mint  for  melting  coinage  bronze  and  silver,  and  still  another  has 
been  sold  to  Lacheze  et  Fils,  Dijon,  France,  for  non ferrous  alloys. 

aBONWAIX-DIXOK  FTJBNACE. 

A  Gronwall-Dixon  furnace  of  500-pounds  capacity  at  the  Cleveland 
Brass  Manufacturing  Co.,  Cleveland,  Ohio,  is  melting  "  Clebrium," 
an  alloy  that  has  among  its  constituents  chr<»nium  and,  it  is  said, 
about  40  per  cent  of  iron.  The  furnace  might,  therefore,  be  classed 
either  among  nonferrous  melting  furnaces  or  among  furnaces  for 
special  steels,  according  to  the  classification  of  the  alloy. 

"*Anon]rmoa8,  Oreen  arc  furnace :  Iron  Ag«,  toI.  103,  1&19,  p.  1005. 
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SNYDSB  SUBHACE  OPE&AlTING  OK  ICOKEL  ICETAL. 

A  IjOOO-pound,  150-kw.  Snyder  furnace  is  running  on  Monel  metal 
at  the  Monel  Metal  Products  Corporation,  Bayonne,  N.  J.;  its 
output  approximates  5,000  pounds  in  10  hours,  and  its  power  con- 
sumption about  600  to  850  kw.  h.  per  ton.  A  slag  about  i  inch  thick 
is  used.  The  total  loss  of  metal  in  the  foimdry  is  given  as  about  2  to 
2i  per  cent,  but  exact  figures  for  the  melting  loss  are  not  avail- 
able. The  furnace  roof,  of  high-grade  fire  brick,  lasts  50  heats  on 
the  average,  and  has  lasted  for  90  heats.  The  hearth  is  made  of 
ganister  and  does  not  have  much  longer  life  than  the  roof. 

The  furnace  is  said  to  be  easier  to  operate  and  to  give  metal  of 
better  quality  than  that  from  an  oil-fired  reverberatory  with  pan- 
type  burner.  Great  care  is  taken  to  operate  with  the  furnace  tightly 
closed  to  avoid  oxidation.  It  is  stated  ^^  that  a  Moore  direct-arc  fur- 
nace, made  by  the  Pittsburgh  Electric  Furnace'Co.,  has  been  ordered 
for  the  Huntington,  W.  Va.,  plant  of  the  International  Metal  Co.,  to 
melt  Monel  metal. 

LABOBATOBY  TEST  07  BIBEGT-ABC  FT7B1TACE  MELTING  YELLOW 


In  April,  1915,  the  Bureau  of  Mines  built  a  direct-arc  furnace  in 
order  to  determine  the  metal  loss  in  melting  yellow  brass.  Instead 
of  a  tilting-type  furnace,  one  was  built  in  which  an  ordinary  No. 
30-graphite  fire-clay  crucible,  with  a  double  handful  of  chip  graphite 
in  the  bottom  to  protect  the  crucible  from  the  arc  when  starting, 
was  set  on  an  electrode  built  into  the  furnace  bottom.  The  upper, 
movable  electrode,  from  which  the  arc  was  struck  to  the  charge, 
was  a  2-inch  diameter  graphite  rod.  The  crucible  was  set  into  a 
fire-brick  inclosure,  only  enough  space  being  allowed  between  cru- 
cible and  walls  to  admit  the  tongs  for  lifting  the  crucible.  A  tight 
cover  (fire-brick  slab)  with  a  2-inch  diameter  hole  was  put  over  the 
furnace  after  the  crucible  was  in  place,  the  upper  electrode  passing 
through  the  hole.  In  order  to  avoid  loss  by  spattering,  the  crucible 
was  not  filled  to  its  full  capacity  of  90  pounds,  only  50-pound 
charges  being  used.  The  furnace  ran  at  about  50  volts,  400  to  500 
amperes. 

Two  alloys  were  melted,  both  in  ingot  form,  no  new  metal  being 
used,  one  of  80  per  cent  copper,  15  per  cent  zinc,  2J  per  cent  tin, 
2^  per  cent  lead,  the  other  of  67  per  cent  copper,  33  per  cent  zinc. 
A  couple  of  pounds  of  green  bottle  glass  was  used  as  slag  on  the 
former,  and  about  3  pounds  of  salt  on  the  latter.  The  results  are 
tabulated  below. 


*  Editorial,  The  Foundry,  vol.  49,  1021,  p.  683. 
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Table  34. — Biireau  of  Atines  test  of  small  direct-arc  furnace  meltififf  alloys  high 

in  zinc. 


Heat 

No. 

Time. 

Condi- 
tion of 
furnace 
at  start. 

Zinc  in 

alloy 

melted. 

Weight 
of  metal 
cliarged. 

Welg^it 
of  Ingot 
poured. 

Weight 

recovered 

ftpom 
spillings 
andflrem 

slag. 

Total 
weigbt 
recov- 
ered* 

Loss. 

Pour- 
ing 

tem- 

ture. 

Kw.h. 
used. 

I 

2 

3 

4 

H.  m. 

1  10 
1    0 

1  .6 

r  0 

Cold 

Slighay 
warm. 

Cold 

Hot 

Percent. 
15 
33 

33 

15 

Pound*. 
5a  00 
61.25 

52.85 
53.35 

Pound*. 
4&80 
4&05 

47.25 
5a  60 

Pounds. 

aao 

1.20 

1.05 
.30 

Pounde. 
4fiwlO 
40.85 

48.30 
SO.W 

Lbs.P.ct 
3.9U    7.8 
4.40    8L6 

4.06    7.7 
2.45    i.6 

•c. 

1,180 
1.070 

1,050 
1,140 

24 

19 

20| 
19 

Neither  alloy  was  heated  as  hot  as  it  would  normally  be  heated 
in  commercial  practice.  As  soon  as  the  alloy  had  started  to  melt 
down  great  clouds  of  zinc  vapor  came  out  about  the  clearance  around 
the  electrode,  this  being  the  only  opening  of  the  furnace  that  was 
not  luted  tight  while  running.  .  The  furnace  was  set  up  outdoors. 
Had  it  been  inside  it  would  have  been  impossible  to  have  completed 
the  runs  on  account  of  the  fume.  As  losses  of  4|  per  cent  on  a  15 
per  cent  zinc  alloy  and  7^  per  cent  on  a  33  per  cent  zinc  aUoy^  melting 
ingots,  are  decidedly  higher  thui  would  be  obtained  in  fuel-fired 
furnaces,  it  was  evident  that  the  direct-arc  furnace  was  not  fitted  for 
use  on  alloys  high  in  zinc. 

TESTS  OF  BULALL  SKYDBB  FXTaKACE. 

In  January  and  February,  1916,  a  600-pound  tilting  Snyder  •*  fur- 
nace was  tested  at  the  plant  of  the  Chicago  Bearing  Metal  Co., 
through  whose  courtesy  a  representative  of  the  Bureau  of  Mines  was 
present  during  part  of  the  test. 

The  furnace  was  single-phase,  rated  at  100  kw.  It  had  a  rammed- 
in  magnesite  hearth,  bonded  with  linseed  oil,  outside  of  which  and 
next  to  the  shell  was  a  layer  of  rammed-in  No.  26  J.  M.  asbestos 
cement.  The  roof  was  of  silica  brick.  The  lower  electrode  was  a 
1-inch  diameter  copper  rod,  water  cooled  outside  the  furnace  and 
extending  up  through  the  refractory  bottom  to  the  hearth.  The 
upper  electrode  was  of  3-inch  diameter  graphite,  coming  down  ver* 
tically  through  the  dome  of  the  roof.  The  roof,  electrode  and  all, 
was  raised  and  at  the  same  time  tilted  back,  by  a  handwheel,  so  that 
the  furnace  could  be  charged  from  the  top.  A  sand  seal  between  roof 
and  furnace  body  made  a  tight  joint.  A  pouring  spout,  closed  with 
a  fire-brick  plug  and  fire-clay  luting,  was  provided,  through  which, 
when  the  whole  furnace,  including  the  electrode  support,  was  tilted 
by  a  second  handwheel,  the  metal  could  be  poured.    Some  20  or  25 

•Soo  Snyder,  F.  T..  r.  S.  Patent«»  1.100.005,  June  23,  1014;  1,167,020,  Jan.  4,  1916; 
1,325.539.  Dec.  23,  1919;  and  1,327,174,  Jan.  6,  1020. 
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pounds  of  metal  was  usually  retained  in  the  bottom  of  the  furnace 
between  heats.  The  power  supply  was  60-eycIe,  4,400  volts,  which 
was  stepped  down  to  440  volts  and  then  by  a  second  transformer 
oontaining  a  good  deal  of  reactance  to  a  lower  voltage,  probably 
around  110  to  125.  A  portable  ammeter,  voltmeter,  wattmeter,  and 
watt-hour  meter  were  used  on  the  440-volt  side  of  the  second  trans- 
former for  test  purposes,  the  only  meter  provided  with  the  furnace 
being  an  inaccurate  wattmeter.  The  readings  for  the  test  were  made 
by  the  testing  department  of  the  Commonwealth  Edison  Co. 

The  alloy  melted,  except  in  a  few  runs  on  a  yellow  brass  made 
at  the  bureau's  request,  contained  70  to  75  per  cent  copper,  15  to 
20  per  cent  lead,  and  about  6  per  cent  tin,  the  balance  being  im- 
purities (zinc,  lead,  iron,  etc.).  Charges  were  made  up  of  about 
half  cupola  ingot  or  heavy  scrap  railroad  bearings  and  about  half 
heavy  borings  free  from  oil  or  gates.  The  charge  was  quite  free 
from  nonmetallic  material,  not  over  0.50  per  cent  being  present 
at  most.  Metal  losses  were  obtained  by  weighing  the  ladles  before 
and  after  pouring.  Ladle  skimmings  and  metal  spilled  in  pour- 
ing were  not  weighed  but  charged  back>  with  the  next  heat.  Slag 
scraped  from  the  furnace  was  kept  separate  and  its  recoverable 
nonmetallic  content  calculated. 

The  power  input  to  the  furnace  averaged  about  70  kw.  and  was 
never  over  90  kw. 

XTTNB   OK   TEZ1L6W  ZVOOT. 

Three  heats  were  made  on  a  yellow  brass  ingot  of  67.8  per  cent 
copper,  27.5  per  cent  zinc,  2.9  per  cent  lead,  1.5  per  cent  tin,  0.3 
per  cent  antimony. 

Heat  A. — ^The  furnace  was  hot  from  previous  runs  on  the  regular 
leaded  bronze,  but  had  cooled  somewhat  because  of  trouble  in  mak- 
ing contact  with  the  lower  electrode.  The  furnace  had  been  tilted 
clear  up  and  scraped  to  get  out  all  the  leaded  bronze  and  slag  that 
had  run  over  the  lower  electrode  and  frozen.  Five  himdred  and 
one  pounds  of  yellow  ingot,  plus  10  pounds  leaded  bronze  borings 
to  get  contact  between  electrode  and  charge,  was  charged,  plus 
limestone  and  a  little  sand  to  form  a  slag.  The  furnace  was  very 
tightly  closed  by  luting  with  fire  clay  about  the  spout  plug  and 
electrode,  and  very  little  fume  escaped  during  the  run.  Current 
was  on  1  hour  and  50  minutes,  but  only  96  kw.  was  used,  the  power 
input  being  only  an  average  of  52  kw. 

The  furnace  would  not  take  any  more  power  than  this,  the  arc 
being  very  short  and  snappy,  no  matter  how  close  the  graphite 
electrode  was  brought  to  the  bath,  as  the  power  factor  was  amaz- 
ingly low,  running  from  18  to  38  and  averaging  33.  When  the 
metal  was  poured  its  temperature  measured  in  the  ladle  was  only 


158  £I£CTBIC  BBASS  FUBNACB  PRACTICE. 

980°  C,  far  too  cold  for  pouring  castings,  though  the  metal  poured 
into  ingot  without  much  skulling.  The  roof,  furnace  walls,  spout, 
and  back  of  the  spout  plug  were  covered  to  a  depth  of  one-half  inch 
with  a  mixture  of  zinc  oxide  and  metallic  zinc  which  had  distilled 
out  of  the  charge  by  the  local  overheating  of  the  arc.  When  this 
coating  was  scraped  in  order  to  bare  a  fresh  surface,  it  burned  with 
the  characteristic  zinc  flame,  showing  the  presence  of  metallic 
zinc.  Only  428^  pounds  was  obtained  in  the  ladle  as  spillings  and 
as  large  chunks  in  the  slag.  The  skimmings  weighed  47  pounds 
and  were  estimated  to  contain  75  per  cent  metallic  or  35  pounds. 
The  furnace  was  not  drained  completely,  but  certainly  not  over 
20  pounds  was  left  in  it. 

As  a  total  of  511^  pounds  wa6  charged  and  428^+^5-4-20  pounds 
obtained,  the  net  loss  wafi  about  28  pounds,  or  5^  per  cent. 

Heats  B  and  C. — ^To  check  up  this  figure  two  more  heats  were  made, 
the  furnace  being  hot  from  a  heat  on  bearing  bronze,  which  had  been 
drained  and  scraped  out  till  the  furnace  was  clean. 

In  heat  B  the  arc  was  on  two  and  one-half  hours,  108  kw.  h.  being 
used.  The  average  power  input  was  43  kw.,  but  the  power  factor 
was  not  taken.  The  mcrtal  was  poured  at  1,090®  G.  Cupola  slag, 
glass,  and  limestone  were  used  as  slag.  In  heat  C  the  arc  was  on  1 
hour  and  48  minutes,  84  kw.  h.  being  used.  The  average  power  input 
was  62,  the  power  factor  varying  from  20  to  44  and  averaging  88. 
The  metal  was  poured  at  1,070°  C.  Little  zinc  fume  escaped  during 
the  run,  but  vast  clouds  came  out  while  pouring.  In  these  two 
heats  1,017  pounds  ingot  was  charged,  and  925J  pounds  were  weighed 
up  in  the  ladles.  The  furnace  was  scraped  clean  after  heat  C.  From 
the  skimmings  4  pounds  of  large  chunks  were  picked.  The  balance 
of  the  skimmings,  63  pounds,  contained  47  pounds  metallic.  Re- 
covery, 925i+44"47=97&J  pounds;  loss,  40J  poimds,  or  4.4  per  cent. 
Analyses  of  metal  from  heats  B  and  C  showed,  respectively,  71.8 
per  cent  copper,  22.3  per  cent  zinc,  and  69.7  per  cent  copper,  25.3 
per  cent  zinc;  the  original  ingot  carried  67.6  per  cent  copper,  27.5 
per  cent  zinc.  Compared  with  this  27.5  per  cent,  the  average  zinc 
content,  23.8  per  cent  of  the  product,  indicates  a  loss  of  about  4| 
per  cent. 

These  runs,  while  not  giving  very  accurate  figures,  show  plainly 
that  the  direct-arc  furnace,  causing  losses  of  4  to  5  per  cent  on  yellow 
brass  charged  as  ingot,  can  no  more  be  considered  for  melting  alloys 
high  in  zinc  than  can  an  open-flame  oil  furnace. 

Smith  ••  mentions  a  trial  made  in  England  during  the  war  in  which 
it  was  found  impractical  to  handle  yellow  brass  in  a  direct-arc 
furnace. 

•Smith.  K.,  discussion.  Metal  lad.  (Loadoa),  vol.  1«,  1020,  p.  368. 
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In  these  three  heats,  yellow  brass  was  heated  to  an  average  tempera- 
ture of  less  than  1,050"^  C,  in  a  hot  furnace,  at  an  average  rate  of  380 
kw.  h.  per  ton. 

KVVB  OV  LEADED  BEAEINO  BEOVZB. 

Though  the  furnace  was  plainly  useless  for  yellow  brass,  it  worked 
better  on  the  leaded  bearing  bronze,  as  is  shown  by  the  data  below 
on  two-day  runs. 

In  order  to  keep  the  furnace  hot  it  was  filled  with  coke  at  night, 
and  enough  air  was  allowed  to  enter  to  keep  the  coke  smoldering. 
The  coke  was  sc^raped  out  the  next  morning.  On  each  heat  in  the 
test  given  in  Table  30, 600-pound  charges  were  used.  The  charge  was 
half  ingot  or  heavy  scrap,  half  heavy  borings  or  gates,  save  in  heats 
2,  3,  and  4  of  February  10,  when  the  charges  were  concentrates  from 
ashes  and  skimmings  from  the  f oimdry's  reclaiming  plant. 

Table  35. — Test  of  BOO-pound  Snyder  furnace  meUing  leaded  bronze. 


Date. 

Heat 

No.a 

Power  on. 

Povraroff. 

Arc  0!i,b 

Kw.  h. 
used. 

Tempecw 

ature  in 

ladle. 

Feb.    9 

1 
2 
3 
4 
5 
1 
2 
3 
4 
5 

7.00  a.m.. 
9.06  a.m.. 
IIM  a.  m. 
lUMp.m.. 
2.56  p.m.. 
7.04  p.  m. . 
9.19  p.  m. . 
11.12p.  m. 
L07a.m.. 
2«45a.m.. 

9i)6a.m.. 
11.01a.m. 
lUWp.m.. 
2.55  p.  m. . 
4JS0p.m.. 
9.19  p.m.. 
11.12p.  m. 
1.07  a.m.. 
2.45  a.m.. 
4.35  a.m.. 

jsr.  m. 

1    60 
1    47 
1    80 
1    40 

1  48 

2  00 
1    40 
1    48 
1    23 
1    35 

132 
132 
106 
108 
106 
132 
106 
lOR 
106 
106 

•c. 

2 

1,130 
1,170 
1,140 
1,260 

3 

4 

10 

c  1,150 

•  l\]tal  for  10  beata,  6.000  pounds. 

b  Average  time  on,  1  hour  and  46  minutes. 

«  Arengt,  383  Icw.h.  per  tan. 

In  the  test  in  January,  when  an  operator  was  on  the  job  who  main- 
tained a  higher  power  input,  and  hence  only  averaged  1  hoiir  and 
86  minutes  for  the  time  the  arc  was  on  per  heat,  and  the  metal  was 
poured  with  little  delay,  so  that  six  heats  were  made  per  10-hour 
day ;  the  average  of  several  days  was  350  kw.  h.  per  ton. 

In  27  heats,  with  the  regular  bearing-metal  charge,  16,468  poimds 
were  charged  and  15,188  pounds  metal  were  weighed  in  the  ladles,  a 
gross  loss  of  2.13  per  cent;  481  pounds  slag  contained  7  per  cent 
copper  and  was  calculated  to  contain  5  per  cent  recoverable  metal,  or 
21|  pounds,  making  the  net  loss  1.99  per  cent. 

In  17  later  heats  of  the  regular  bearing-metal  charge  (heats  on 
concentrates  not  being  considered)  on  which  data  were  taken  by  the 
bureau's  representative,  9,978  pounds  were  charged  and  9,767  pounds 
were  weighed  in  the  ladle ;  and  281  pounds  slag  were  obtained,  esti- 
mated to  contain  14  pounds  recoverable  metallic,  a  gross  loss  of  2.12 
per  cent,  or  a  net  loss  of  2  per  cent 
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From  this  2  per  cent  net'  loss  should  be  deducted  about  i  per  cent 
nonmetallic  in  the  charge,  leaving  the  true  net  loss  1.5  per  cent. 
The  net  losses,  not  deducting  for  nonmetallic  in  the  charge,  on  the 
same  material  melted  in  the  other  furnaces  at  this  plant,  were 
said  to  be : 

Percent 

OU-fired  crucible  lift-out  furnace . 2i 

Tilting  crucible,  forced  draft,  coke 2^ 

Open-flame  oil ^— , , , 5) 

Out  of  the  6^  per  cent  in  the  open-flame  oil  furnace  3  i)er  cent 
represents  extra  lead  added  in  the  ladle  to  compensate  for  the  lead 
burnt  out  or  volatilized  in  the  op^i-flame  furnace  to  make  the  prod- 
uct analyze  the  same  as  that  from  the  crucible  furnaces. 

On  account  of  slag  formation  in  the  open-flame  furnace  and  of 
much  charge  being  dropped  into  the  ashes  in  the  ooke  furnace,  from 
which  it  hAd  to  be  recovered  in  the  reclaiming  plant,  the  distribution 
of  the  metal  charged  to  the  diffei-ent  furnaces  was  as  follows,  ac- 
cording to  the  plant  records: 

Table  36. — Distribution  of  metal  charged. 


Furnace. 

In  cruci- 
ble or 
ladle. 

For 

recovery 

in  Blag  or 

ashes. 

Lost. 

Crucible  lift-out  oil 

Per  cent. 
95 
85 
90 
97.9 

Pereent. 

2.5 

12.6 

4.5 

.1 

Pereent, 
2.5 

Ctucible  tiltinR  coke - 

2.5 

O Den-flame  oil. 

5.6 

600-POWTld  fijiydar , ^ ..^...   

2.0 

In  the  crucible  tilting  coke  furnace  much  of  the  heavy  gross  loss 
was  due  to  spilling  the  charge  outside  the  crucible  into  the  coke  in 
charging. 

The  -COO-pound  furnace  ran  smoothly,  was  kept  tight  by  luting 
the  spout  and  the  space  around  the  electrode  so  that  the  furnace  did 
not  give  off  much  fume,  was  much  cooler^  and  was  less  irksome  gen- 
erally to  operate  than  fuel-fired  furnaces.  The  power  factor  of  the 
furnace  was  uniformly  low,  and  varied  greatly  with  the  conditions 
of  operation,  particularly  with  the  nature  of  the  slag. 

The  slag  used  in  the  yellow-brass  heats  was  not  fluid,  but  crusty, 
and  was  raked  off  rather  than  skimmed.  In  the  regular  bearing- 
metal  heats,  in  which  limestone  in  walnut  or  large  size  was  added 
to  form  a  slag  with  the  small  amount  of  sand  on  the  gates  and  with 
the  sand  and  dirt  swept  up  with  the  spillings,  the  slag  was  alao  more 
crusty  than  fluid.  The  addition  of  limestone  g^ve  a  good  fluid  slag 
in  a  few  heats  on  melting  concentrates,,  from  the  reclaiming  plant, 
that  carried  slag  from  the  open-flame  oil  furnaces  and  ash  from  die 
coke  furnaces.    The  variation  in  power  factor  is  shown  below: 


ABC  FURNACES. 


161 


Table  87. — FortoCioii  of  power  fuctar  im  tneUing  4iff€rent  materials  in  GOO-pound 

Snyder  furnace. 


Material. 


Yelloir  brass.. 
Bearing  metal 
CoDoentrates., 


Average 
kw. 


42 

70 
69 


Average 
kv.  a. 


13d 
128 

96 


Average 
power 
lactor. 


33 
55 
72 


Lowest 
power 
&ctor. 


18 
27 
55 


Highest 
power 
utctor. 


44 
89 


Blag. 


Crusty 
Do 
Fluid. 


In  an  atmosphere  of  zinc  or  lead  vapor  and  with  a  crusty  slag, 
which  probably  causes  the  arc  to  play  directly  on  metal  rather  than 
on  slag,  the  power  factor  obviously  is  amazingly  low,  whereas  in 
melting  concentrates,  which  are  practically  free  from  zinc  and  low 
in  lead,  with  a  fluid  slag  that  can  produce  arc-supporting  vapor,  as 
in  a  direct-arc  furnace  operating  on  steel,  the  power  factor,  though 
low,  could  be  tolerated. 

The  plant  decided  that  a  600-pound  furnace  was  too  small  a  unit. 
The  test  indicated,  however,  that  the  installation  of  1-ton  furnaces, 
especially  if  they  were  run  20  to  2i  hours  a  day,  would  effect  notable 
savings  through  the  elimination  of  crucibles  and  the  reduction  of 
metal  losses;  the  crucible  furnaces,  therefore,  were  replaced  by  two 
1-ton  Snyder  furnaces,  and  two  1-ton  Rennerfelt  furnaces  were 
added  later.  The  open-flame  oil  furnaces  continue  to  be  used  when 
the  demand  for  metal  exceeds  the  capacity  of  the  electrics,  or  when 
an  electric  is  down  for  relining;  but  the  great  bulk  of  the  production 
comes  from  the  electric  furnaces. 

The  Chicago  Bearing  Metal  Co.  makes  large  railroad-car  bearings, 
used  as  backing  for  babbitt  liners;  on  these  bearings  considerable 
variation  in  composition  is  allowable  and  they  have  to  pass  no  severe 
tests.  The  question  of  improved  quality  in  their  manufacture  was 
not  paramount,  as  the  open-flame  oil  furnaces  produce  metal  of 
satisfactory/  quality  for  the  purpose.  Under  these  conditions  the 
usefulness  of  the  furnace  lies  almost  entirely  in  quicker  production, 
the  principal  and  almost  the  sole  aim  in  the  operation  of  furnaces 
being  large  output. 

Two  single-phase  1-ton  furnaces  with  700-kv.  a.  transformers, 
built  on  the  same  general  design  as  the  600-pound  furnace,  were 
installed,  but  it  was  found  that  on  some  points  their  action  was  not 
quite  like  that  of  the  smaller  furnace.  Figure  23  shows  the  design 
of  the  single-phase  furnace. 

It  proved  impossible  to  lute  the  spout  and  electrode  tightly  enough 
to  prevent  the  escape  of  metal  vapors  or  to, prevent  the  entrance  of 
air.  The  pressure  developed  inside  the  furnace  was  so  great  that 
the  luting  was  blown  out;  if  the  luting  were  held  in  place  mechani- 
cally the  bricks  in  the  roof  were  loosened  until  sufficient  vent  was 
made  for  the  vapor  to  escape. 
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The  furnaces  havei  regularly  been  run  with  the  spout  plugged 
loosely,  if  at  all,  and  with  plenty  of  clearance  about  the  electrodes. 
As  a  result  the  metal  losses  have  been  greater  than  was  indicated 


,%"•' p..  •• 


FtQum  28.— Snyder  direct«rc  fomace:  a,  chAtgliig-floor  line;  5,  foimdry  floor. 

by  the  test  of  the  small  furnace  and  the  working  conditions  as  to 
fume  and  smoke  have  been  much  worse  than  with  the  open-flame 
oil  furnaces.  It  has  been  necessary  to  install  hoods  and  fans  to 
withdraw  the  fumes  in  order  to  avoid  danger  from  lead  poisoning; 
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in  the  first  few  weeks'  operation  of  the  large  furnaces  several  work- 
men were  seriously,  though  temporarily,  affected  by  the  lead  and 
antimony  fume. 

IXTBOVElCCirTS  IB  flmTDEB  FTmiTAOE. 

Inasmuch  as  power  is  purchased  on  a  schedule  calling  for  a  pen- 
alty when  the  power  factor  of  the  total  supply  to  the  plant  is  imder 
70,  and  as  the  average  power  factor  of  the  Snyder  furnaces  has  been 
much  below  that  figure,  constant  effort  has  been  made  to  improve 
the  power  factor.  An  attempt  at  improvement  was  made  soon  after 
the  installation  of  the  furnaces  by  removing  from  one  furnace  most 
of  the  reactance  that  had  been  put  into  the  transformer  to  stabilize 
the  arc.  In  consequence  the  furnace  drew  such  an  excess  of  power 
that  an  almost  new  silica-brick  roof  was  melted  down  promptly. 
Part  but  not  all  of  the  reactance  was  then  replaced.  This  reduction 
in  reactance  raised  the  power  input  that  could  be  conveniently  held 
to  about  420  kw.  instead  of  360  kw.,  which  was  all  that  could  be 
conveniently  held  when  the  original  reactance  was  in  use.  Most  of 
the  later  attempts  at  improving  the  power  factor  dealt  with  the  fur- 
nace itself  and  its  method  of  operation  rather  than  with  the  react- 
ance of  the  circuit.  The  furnaces  use  an  open-circuit  voltage  of 
about  205,  which  drops  under  load  to  an  arc  voltage  that  varies  from 
100  to  160  volts,  depending  on  the  position  of  the  electrode  and  the 
resulting  length  of  the  arc,  but  averages  about  130. 

Until  recently  the  furnaces  were  hand  operated.  An  arc  long 
enough  to  draw  the  higher  voltage  can  not  be  readily  maintained 
while  the  cold  charge  is  melting  down,  especially  if  the  charge  is 
mostly  made  up  of  large  chunks  such  as  ingot  or  of  scrap  bearings. 
If  a  considerable  percentage  of  borings,  concentrates,  or  other  small 
pieces  is  present,  a  pool  of  molten  metal  is  more  readily  formed  and 
the  maintenance  of  an  arc  at  the  higher  voltage  is  possible. 

The  operator  can  hold  the  arc  at  145  volts  if  he  gives  it  constant 
attention,  but  owing  to  the  inherent  reactance  in  the  circuit  and  to 
that  in  the  furnace  transformer  if  he  sets  the  arc  at  a  length  where 
it  will  burn  steadily  with  little  or  no  hand  regulation  this,  length 
draws  125  to  130  volts.  St.  John^*^  gives  a  curve  showing  that  at 
110  volts  the  power  factor  is  47,  at  125  it  is  55 ;  if  the  arc  voltage  is 
held  up  to  160,  the  power  factor  rises  to  68. 

In  the  regular  running  of  the  hand-operated  furnace  the  voltage 
averages  125  to  130  and  the  power  factor  55  to  56.  This  power  factor 
is  so  low  that  it  involves  an  expensive  penalty  in  the  power  bill. 
The  jnotor  load,  and  especially  the  use  of  the  Bennerfelt  furnaces, 
which  have  a  power  factor  well  above  70,  increase  the  total  plant 

^fit.  John,  H.  M.,  Commercial  testing  6f  rndtollitrgleiil  electfle  farnacftft:  Cbem.  and 
Met.  Eng.,  vol.  21,  1919.  p.  388. 
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power  factor  so  thai)  the  peniJty  is  much  less  than  it  would  be  if  the 
electric  furnaces  were  all  Snyders. 

By  the  use  of  plenty  of  coke  oil  the  surface  of  the  melt,  so  that 
the  arc  was  drawn  between  the  graphite  electrode  and  the  coke, 
instead  of  between  the  electrode  and  the  metal,  the  amount  of  metal 
vapor  in  the  arc  was  reduced,  the  arc  length  increased,  and  the 
voltage  raised  so  that  a  power  factor  of  73  could  be  obtained.  The 
practice  was  not  adopted  because  of  the  contamination  of  the  metal 
by  the  sulphur  in  the  coke. 

The  use  of  crushed  electrode  scrap,  which  would  be  free  from 
sulphur,  has  been  suggested,  and  obviously  is  worth  trying,  but  so 
far  as  is  known  has  not  been  tried  out.  The  first  furnace,  rated  at 
1  ton,  was  at  first  given  charges  of  8,000  pounds,  and  turned  out 
about  10  beats,  or  15  tons  in  24  hours^  at  a  power  consumption  of 
around  815  kw.  h.  per  ton,  with  a  power  factor  of  about  55.  The 
electrode  consumption  was  about  5  pounds  per  ton.  The  first  linings 
of  fire  brick  or  ranmied  in  carborundum,  coke  dust,  and  fire  clay 
had  a  very  diort  life. 

On  24-hour  tests  of  the  1-ton  Snyder  furnaces  made  in  1917  with 
hand  operation  one  furnace  made  38  heats  of  2,000  pounds  each  in 
48  hours  at  an  average  power  consumption  of  285  kw.  h.  per  ton ; 
average  power  factor,  56 ;  the  other  made  40  heats  in  48  hours,  at  an 
average  of  290  kw.  h.  per  ton.  One  furnace  made  10  consecutive  heats 
in  11  hours  and  40  minutes,  at  an  average  power  consumption  of  271 
kw.  h.  per  ton,  varying  from  254  to  288.  Four  consecutive  heats  were 
made  at  an  average  of  261  kw.  h.  per  ton.  This  period  was  exception- 
ally free  from  delays,  such  as  waiting  for  the  crane  to  handle  the 
ladles,  only  25  minutes  being  occupied  by  anything  other  than  charg- 
ing, pouring,  or  melting.  The  furnace  ran  at  an  average  power  in- 
put of  400  kw.,  an  average  voltage  of  121,  and  an  average  power 
factor  of  about  53. 

Throughout  the  whole  test  (52  heats,  65  hours)  of  the  furnace  the 
power  consumption  averaged  285  kw.  h.  per  ton.  The  arc  was  on  57 
per  cent  of  the  time;  20  per  cent  was  occupied  in  pouring,  charging, 
and  pulling  slag;  6  per  cent  was  lost  through  electrode  troubles, 
mainly  breakage  due  to  poorly  fitting  joints;  3  per  cent  through 
trouble  with  the  tilting  motor;  and  14  per  cent  through  delays  not 
due  to  the  furnace  itself. 

By  eliminating  avoidable  delays  it  should  be  possible  to  make  21 
heate  in  24  hours,  at  270  kw.  h.  per  ton,  on  this  leaded  bearing  metal, 
poured  at  about  1,150**  C.  (2,100^  F.).  This  large  production  is 
due  in  part  to  the  high  power  input,  about  400  kw.,  and  in  part  due 
to  the  rapid  mechanical  charging  made  possible  by  the  design  of  the 
iumaoe  roof,  which  may  be  raised  rapidly  and  tilted  back  to  open 
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completely  the  top  of  the  fumaee,  and  the  charge  may  be  dumped 
in  from  a  bucket  or  clam  shell  without  any  handwork  save  a  little 
poking  to  arrange  the  charge. 

Metal  losses  were  determined  on  42  heats  of  this  test,  though  not 
with  a  great  degree  of  accuracy.  The  net  loss  was  about  4^  per 
cent;  that  is,  much  greater  than  the  loss  with  the  smaller  furnace, 
more  than  on  fuel-fired  crucible  furnaces,  and  only  1  per  cent  below 
that  given  by  the  open-flame  oil  furnace.  This  loss  is  diie  obviously 
to  volatilization  of  lead  and  antimony,  the  latter  being  an  impurity 
arising  from  the  use  of  scrap  hard  lead  as  a  part  of  the  charge  in 
the  making  of  the  bearings.  Any  lead  to  be  added  to  the  charge  is 
not  put  into  the  furnace  but  is  added  in  the  ladle. 

The  metal  losses  on  the  whole  year's  operation  of  the  Snyder  and 
Bennerfelt  furnaces  together,  calculated  on  an  inventory  basis,  were 
somewhat  lower  than  those  found  in  the  tests,  and  though  the  Een- 
nerf elts  are  conceded  to  give  somewhat  lower  metal  losses  than  the 
Snyders,  thus  reducing  the  figures  of  metal  loss  when  the  results 
of  both  types  of  furnace  are  lumped,  it  is  doubted  whether  this 
difference  is  enough  to  give  the  inventory  figure  if  the  average-  loss 
with  the  Snyders  was  as  great  as  indicated  by  the  tests.  It  there- 
fore seems  probable  that  the  net  loss  for  the  Snyders  is  between 
8  and  4  per  cent  rather  than  above  4  per  cent. 

The  fact  that  lead  may  be  volatilized  from  copper  by  a  direct  arc 
is  utilized  by  Hill  and  Luokey  **  for  rapid  determination  of  the  lead 
content  of  copper.  They  play  a  220- volt  arc  0.6  cm.  long,  at  10 
amperes,  on  0.4  gram  of  copper,  observe  the  arc  spectrum  through  a 
spectroscope,  and  record  the  time  required  for  the  lead  lines  to 
disappear.  This  time  is  pr(^rtional  to  the  lead  content  of  the 
copper.  In  two  minutes  0.016  per  oent  lead  disappears,  and  in  eight 
minutes  0.216  per  cent. 

It  is  not  surprising  then  that  a  direct  arc  playing  on  an  alloy 
with,  say,  15  per  cent  lead  should  cause  a  distinct  loss  of  lead. 

According  to  figures  from  the  Chicago  Bearing  Metals  Co.,  in  49 
working  days  (two  shifts  of  nine  and  one-half  hours  each)  in  De- 
cember, 1917,  and  January,  1918,  the  two  Snyder  furnaces  together 
melted  2,600,000  pounds,  or  about  18J  heats  of  one  ton  each  per 
furnace  per  19-hour  (two-shift)  day. 

The  average  cost  of  materials  ur?d  for  relining  the  Snyder  fur- 
naces for  three  months,  exclusive  of  labor,  was  21^  cents  per  ton. 
The  roofs  were  made  of  fire  brick,  the  hearths  (rammed  in)  of  a 

*IHI11,  C  W.,  and  txLckej,  0.  P.,  The  spectroscopic  determination  of  small  amounts 
of  lead  in  copper :  Trans.  Am.  Electrodiem.  Soc,  toL  82,  1917,  p.  835 ;  Met.  and  Chem. 
Eng.,  vol.  17,  1917.  p.  659. 
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mixture  of  four  parts  carborundum  fire  sand,  two  parts  fire  clay, 
and  one  part  molasses.  The  labor  charge  would  probably  make  the 
cost  about  35  cents  per  ton. 

BSPAZa   00ST8. 

The  average  electrode  consumption  for  three  months  was  2.9 
pounds  per  ton,  which  does  not  include  losses  from  breakage,  the 
broken  pieces  being  used  as  stock  for  machining  nipples  for  the 
Sennerfelt  electrodes.  On  a  one-week  te^,  in  which  168  tons  were 
melted,  573  pounds  were  actually  consumed  and  159  pounds  broken 
pieces  were  set  aside  as  nipple  stock.  The  total  consumption  was 
then  4^  pounds  per  ton;  aside  from  breakage,  3|  pounds  per  ton. 
At  3  pounds  per  ton,  at  the  1918  price  of  26  oents  per  pound  for 
graphite  electrodes,  the  electrode  cost  is  75  cents  per  ton.  No 
water-cooled  ring  such  as  is  conmion  on  steel  furnaces  is  used  where 
the  electrode  enters  the  roof,  so  that  the  electrode  becomes  red-hot 
for  some  distance  outside  the  furnace  and  bums  away  on  the  sur- 
face above  the  roof.  Suitable  water-cooling  or  a  suitable  "econo- 
mizer ''  ^^  at  the  point  of  entrance  might  reduce  the  electrode  con- 
sumption. The  total  cost  of  upkeep  for  refractories,  the  labor  in 
relining,  and  for  electrodes  was  therefore  about  $1.10  per  ton. 

DATA  OH  OPEBATZOH. 

In  April,  1918,  through  the  courtesy  of  the  Chicago  Bearing 
Metal  Co.,  a  representative  of  the  Bureau  of  Mines  was  permitted 
to  take  the  data  on  the  regular  operation  of  the  Snyder  furnaces 
while  melting  about  140  tons  of  metaL  Fifty-two  heats  were  run 
in  one  furnace  in  four  days  each ;  heat  was  1  ton  (except  one  1^00- 
pound  heat)  of  leaded  bearing  bronze  and  13  heats  were  melted  in 
about  19  hours  (two  8^  hour  shifts),  103,500  pounds  were  melted 
with  14,460  kw.  h.,  or  278  kw.  h.  per  ton.  If  the  first  two  heats  made 
after  the  cooling  period  between  shifts  be  excluded,  to  compute  re- 
sults on  a  24-hour  basis,  the  power  consumption  required  was  at  the 
rate  of  265  kw.  h.  per  ton. 

On  34  heats,  from  67,500  pounds  of  the  leaded  bearing  metal,  less 
147  pounds  estimated  nonmetallio,  or  67,453  pounds  metallic  charged, 
64,011  pounds  were  poured  (weighed  in  the  ladles),  giving  a  gross 
loss  of  3,442  pounds  or  5.1  per  cent.  The  2,526  pounds  slag,  estimated 
by  the  Chicago  Bearing  Metal  Co.  as  25  per  cent  recoverable  metalliCi 
reduce  this  loss  to  2,810  pounds,  or  to  4.15  per  cent  net  loss. 

In  the  other  furnace,  for  36  heats  of  1  ton  each  of  leaded  bearing 
metal,  three  days'  run,  12  heats,  averaging  about  18  hours,  72,000 

^Anonymous,  Device  cools  gas  around  furnace  electrodes:  Foondry,  toL  48»  1920, 
p.  581. 
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pounds  total  were  melted  with  11,050  kw.  h.,  or  806  kw.  h.  per  ton. 
The  reason  for  power  consumption  being  more  in  this  furnace  than 
in  the  other  is  partly  the  shorter  running  time  and  partly  the 
larger  delays,  not  due  to  the  furnace.  It  is  also  probable  that  the 
average  pouring  temperature  of  the  output  of  the  second  furnace 
was  somewhat  higher. 

The  average  of  both  furnaces  for  88  heats  was  290  kw.  h.  per  tcm 
on  18  to  19  hour  two-shift  operation.  While  the  arc  was  on  the 
average  power  input  was  about  310  kw.  The  average  power  factor 
on  a  week's  test,  made  by  the  meter  department  of  the  Common- 
wealth Edison  Co.  at  this  time,  was  35  for  one  Snyder  furnace  and 
87  for  the  other.  As  these  furnaces  were  designed  to  give  a  power 
factor  of  about  70,  it  seems  probable  that  part  of  the  low  power 
factor  resulted  from  the  arc  containing  the  vapor  of  volatile  metals 
such  as  lead  or  zinc. 

A  power  factor  of  86  was  obtained  in  this  1918  test,  one  of  55  in 
the  1917  test,  and  one  of  50  in  the  1919  test.  The  effect  of  these 
factors  on  the  cost  of  operation  can  be  realized  by  noting  that  power 
was  bought  under  a  contract  having  the  usual  demand  charge,  in 
this  case  $1  per  month  per  kw.  maximum  demand,  as  shown  by  the 
demand  meter,  plus  an  energy  charge  of  about  1.21  cents  per  kw.  h. 
for  the  first  30,000  kw.  h.,  0.68  cent  for  the  next  70,000  kw.  h.,  and 
about  0.50  cent  for  power  above  a  total  of  10,000  kw.  h.  If  the 
power  factor  under  average  operating  conditions  is  under  70,  it  is 
provided  that  the  demand  charge  shall  be  multiplied  by  70  and 
divided  by  the  actual  average  power  factor.  The  average  demand 
of  the  two  Snyder  furnaces  together  is,  say,  600  kw. 

Tabus  38. — Effect  of  power  factor  on  coat. 
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iS3.es 
840.00 

566.66 


Excess 

yearly  cost 

for  two 

furnaces. 


81,963.56 
4,060.00 
6,800.00 


Suppose  the  two  fumaoes  produce  metal  at  the  rate  of  80  tons  a 
day  on  24-hour  opeiUtion^  20  tons  a  day  on  l^hour,  two-shift  opera- 
tion, or  10  tons  a  day  on  8^-hour,  one-^ft  operation,  the  output  per 
furnace  per  year  of  300  working  days  would  th«i  be  as  follows: 
24  hours^  9,000  tona;  19  hours,  6,000  tons;  8|  hours,  3,000  tons. 
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Tabub  S&. — Yearly  e9ce%9  co9t  ft&m  low  potcer  factor. 
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80 
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86 
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In  1918  the  Chicago  Bearing  Metal  Co.  was  using  the  two  Snyder 
and  two  Bennerfelt  furnaces  two  shifts,  and  three  2,600-pound  capac- 
ity open-flame  oil  furnaces  one  shift,  on  leaded  bearing  bronze.  A 
few  small  oil-fired  crucible  furnaces  were  running  one  shift  on 
yellow  brass  and  manganese  bronze,  no  attempt  being  made  to 
operate  the  electric  or  the  open-flame  furnaces  on  these  high-zinc 
alloys  because  of  the  metal  losses  being  higher  than  in  the  crucible 
furnace& 

ZUPBOVEXEirTB. 

In  1919  General  Electric  (Seede)  regulators  were  put  on  the  two 
Snyder  furnaces  in  order  to  sare  labor,  one  man  (with  help  during 
charging  and  pouring)  operating  two  furnaces,  whereas  with  hand 
regulation  one  man  was  required  per  furnace.  It  was  hoped  that  the 
average  rate  of  power  input  would  be  increased  and  the  power  factor 
raised  by  holding  a  longer  arc  and  hence  taking  a  higher  arc  voltage 
than  with  hand  regulation.  It  was  found  possible  to  hold  a  higher 
power  input,  so  high  in  fact  that  the  transformers  would  not  withstand, 
without  undue  heating,  the  rate  of  power  input  that  gave  maximum 
output  and  thermal  efficiency.  In  52  days  of  nine  hours  each  one 
Snyder  furnace  melted  952,441  pounds,  or  476  tons,  in  468  hours; 
the  other  Snyder  furnace  melted  874,000  pounds,  or  438  tons,  in  465 
hours.  Both  furnaces  together  produced  904  tons  in  923  hours,  or 
about  1,950  pounds  per  hour,  running  single  shifts  of  nine  hours, 
with  automatic  control  of  electrodes.  The  power  consumption  was 
reduced  to  about  300  kw.  h.  per  ton  for  the  leaded  bearing  metal; 
that  is,  almost  to  the  1917  figure  for  24-hour  operation  with  hand  con- 
trol of  the  arc.  This  power  input  had  to  be  reduced  in  order  to 
safeguard  the  transformers,  so  this  low  power  consumption  could 
not  be  continued. 

The  roofs,  made  of  cheap  fire  brick,  last  90  to  140  heats,  spare 
roo&  being  kept  on  hand.  The  lammed-in  carborundum  and  fire- 
clay hearth  lasts  about  200  heats. 

The  power  factor  can  be  maintained  at  50  to  55,  but  to  raise  it 
above  those  figures  has  not  been  posiuble,  although  expert  electrical 
engineers  attempted  to  improve  it. 
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The  makers  of  the  Snyder  steel  furnace  ha;ve  put  a  two  or  three 
phase,  lower  voltage  type  of  furnace  on  the  market,  which  gives  a 
higher  power  faetor  on  steel  than  the  older  form  of  single-phase, 
high-voltage  Snyder.  Undoubtedly  it  is  possible  to  find  some  way 
of  constructing  a  direct-are  furnace  and  operating  it  on  bronze 
or  red  brass  so  as  to  have  a  power  factor  high  enough  to  avoid 
penalties,  but  so  few  attempts  have  been  made  to  apply  true  direct- 
arc  furnaces  to  copper  alloys,  high-voltage  Snyder  furnaces  being 
the  only  example  of  the  direct-arc  type  commercially  melting  such 
alloys  in  this  country,  that  data  on  the  best  metixods  of  doing  this 
are  lacking.  It  seems  probable  that  the  task  would  be  less  difficult 
in  melting  a  true  bronze,  neither  copper  nor  tin  being  very  volatile, 
than  in  melting  alloys  containing  much  lead,  antimony,  or  zinc,. all 
of  which  are  decidedly  volatile  at  arc  temperatures  and  tend  to 
make  an  arc  stream  that  is  largely  metallic  vapor  rather  than  carbon 
vapor. 

Although  the  metal  losses  in  any  direct-arc  furnace  running  on 
yellow  bra$s  are  prohibitive  and  are  high  in  the  1-ton  Snyder,  even 
on  leaded  bearing  metal,  owing  to  the  impossibility  of  luting  the 
furnace  and  running  it  tightly  closed,  the  users  consider  that  the 
metal  losses  are  at  least  1  per  cent  lower  than  for  open-flame  oil 
furnaces  melting  the  same  charge. 

The  field  of  the  direct-arc  furnace  is  seen  to  be  very  small,  only 
that  of  melting  alloys  with  very  little  or  no  zinc,  and  the  furnace 
is  handicapped  by  the  metal  losses  on  alloys  high  in  lead.  Its 
reliability  is  only  fair,  for  the  life  of  roof  and  lining  is  not  very 
long;  to  balance  this  disadvantage  is  the  possibility  of  putting  a 
spare  roof  in  place  without  much  delay. 

Because  it  can  be  charged  rapidly  by  opening  the  roof  and  be- 
cause of  the  relatively  high  power  input  for  the  1-ton  furnace,  the 
Snyder  furnace  has  so  high  a  thermal  efficiency  and  so  great  a  rate 
of  production  that  under  the  conditions  in  which  it  has  been  used 
it  has  shown  lower  melting  costs  than  crucible  or  open-flame  melting, 
even  though  the  metal  losses  were  high. 

The  electrical  characteristics  of  the  old-style  Snyder  furnace  are 
poor,  as  the  1-ton  furnace,  taking  300  to  400  kw.  at  50  to  55  power 
factor,  draws  a  load  of  about  700  kv.  a.,  and  to  avoid  current  dis- 
turbances to  other  power  users  on  the  same  line  it  has  to  be  put  on 
a  separate  line.  The  excessively  low  power  factor  involves  a  penalty 
that,  on  single-shift  operation  of  the  furnace,  may  amount  to  an 
excess  power  charge  of  over  $1  per  ton.  Because  of  the  large  pro- 
duction and  the  use  of  automatic  regulators  the  labor  cost  per  ton 
is  low. 

The  price  of  the  1-ton  single-phase  furnace  or  of  the  more  modem 
two-phase  furnace,  with  automatic  electrode  control  and  all  auxiliary 
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transf ormers,  switches,  switdiboard^  and  meters,  except  a  watt^hour 
meter,  on  January  19,  1820,  was  $17,000.  For  a  single^phase  hand- 
operated  furnace  without  automatic  electrode  control  the  price  was 

$16,000. 

WIUB  FUBHACE. 

In  1912  another  furnace,  the  Wile,  was  advertised  for  use  in  brass 
melting,  though  intended  primarily  for  smelting  tin  dross,  melting 
gold  concentrates,  etc^*  At  the  plant  of  the  Oreat  Western  Smelting 
and  Refining  Co.,  St.  Louis,  some  10  years  ago  one  of  these  furnaces 
was  tried  for  smelting  lead  and  tin  drosses,  but  was  not  considered 
satisfactory  and  was  not  put  into  regular  commercial  operation. 
About  the  same  time  both  the  tilting  and  tapping  forms  were  also 
tried  out  on  silver  at  the  plant  of  Handy  &  Harmon,  Bridgeport, 
Conn.,  with  unsatisfactory  results  and  were  not  used  for  commer- 
cial work. 

The  furnace  was  planned  to  melt  brass  with  a  deep  slag  or  molten 
glass,  and  the  heating  was  from  the  resistance  of  the  slag  alone  if 
the  furnace  is  operated  at  a  low  voltage,  with  the  upper  electrode  or 
electrodes  buried  in  the  slag.  If  operated  at  a  higher  voltage,  with 
the  electrodes  not  touching  the  slag,  but  drawing  arcs  to  it,  the  heat- 
ing is  due  to  a  combination  of  arc  and  slag  resistance.  One  of  these 
furnaces  was  used  for  a  time  by  the  Westinghouse  Electric  and  Man- 
ufacturing Co.  in  melting  cast  iron  for  making  cast  resistance  grids. 
The  furnace  used  200  to  800  pounds  of  glass  slag  for  a  100-pound 
charge  of  cast  iron  and  had  to  be  run  with  the  electrodes  arcing  to 
the  slag  and  not  buried  in  it.  The  arc  heating,  in  this  case  at  least, 
clearly  overbalanced  the  resistance  heating,  and  the  furnace  seems 
classifiable  more  properly  imder  arc  furnaces  than  under  resistor 
furnaces. 

The  furnace  is  similar  in  principle  to  the  general  run  of  ferro- 
alloy smelting  furnaces,  such  as  those  for  ferromanganese.  In  these 
the  charge  is  manganese  ore,  flux,  coke,  and  metallic  iron  if  not 
enough  is  present  in  the  ore ;  the  manganese,  reduced  from  the  ore  in 
the  reaction  zone  and  alloyed  with  the  iron,  drops  through  the  slag 
layer  into  the  layer  of  fused  alloy  below.  Prom  time  to  time  slag 
and  metal  are  tapped  and  more  charge  is  added,  the  furnace  operat- 
ing continuously.  Such  smelting  furnaces  are  efficient  and  suitable 
for  the  work  they  have  to  do,  but  they  are  smelting  furnaces,  not 
melting  furnaces,  and  are  designed  to  heat  the  solid  charge  or 
the  molten  slag  rather  than  the  lower  layer  of  fused  metal. 

**  WUe,  R.  &.•  An  electric  faniact  tor  tbe  treatment  of  tin  dross :  Met.  end  Chem.  Ens., 
▼ol.  10,  1012.  p.  495 ;  Reduction  of  tin  drosses  in  an  electric  furnace :  Trans.  Am.  Electro- 
chem.  Soc..  vol.  18,  1910.  p.  205;  The  Wile  furnace:  Trans.  Am.  Baectrocbem.  See.,  TOL 
;MI»  1914,  p.  252;  U.  a.  PatenU  947,723,  Jan.  2Gb  1910.  and  1,070.568,  An«.  19,  1918. 


WUrE  PTJBNAOB.  lYl 

It  was  reported  that  a  Wile  tapping  dbaft  furnace,  with  »  con- 
ducting bottom  and  one  or  two  upper  electrodes  extending  into  the 
slag  layer,  was  used  for  a  time  in  smelting  concentrates  from  brass 
furnace  ashes,  dirty  brass  borings,  etc.,  the  furnace  operating  much 
like  an  electrically  heated  cupola.  No  data  on  its  operation  has  been 
obtained.  It  may  have  run  on  a  oommercial  scale,  but  if  so  its  opera- 
tion was  not  long  continued. 

The  Wile^^  melting  furnace  advertised  for  brass  was  a  tilting  fur- 
nace having  a  f umax^e  shell  mounted  to  tilt  on  trunnions,  and  it  has 
a  '^  teakettle  "  spout  for  pouring  the  metal  from  beneath  the  slag  and 
retaining  the  hot  slag  in  the  f qmace  for  the  next  heat.  In  the 
single^phase  form  two  upper  electrodes,  in  series,  project  through  the 
roof  and  directly  underneath  are  two  lower  electrodes,  also  electri- 
cally connected.  In  starting  the  ixid  furnace  arcs  are  drawn  from 
the  upper  electrodes  to  the  lower  ones  until  the  glass  is  melted. 
The  lower  electrodes  are  short-circuited  by  the  molten  metal  and 
no  appreciable  current  flows  through  th^n. 

One  of  these  furnaces  was  installed,  for  instruction  purposes,  at 
the  Carnegie  Institute  of  Technc^ogy.  In  1912  two  qualitative  runs 
of  this  furnace  were  made  by  D.  A.  Lyon  of  the  Bureau  of  Mines. 

The  furnace  was  rated  to  hold  fiOO  pounds  of  brass,  but  the  power 
supply  available  was  only  60  kw.  In  the  first  run  it  took  1^  hours 
and  72  kw.  h.  to  melt  the  glass  slag  ready  to  run;  22  pounds  of 
scrap  red  brass  were  then  charged  and  in  45  minutes  31  kw.  h.  were 
used.  During  this  run  much  sine  oxide  was  emitted  f rcnn  the  fur- 
nace. The  metal  could  not  be  poured  cleanly,  free  from  slag,  so 
the  slag  was  poured  ako;  17.8  pounds  of  ingot  were  poured.  On 
grinding  and  concentrating  the  slag  4^  pounds  of  brass  shot  were 
obtained.  The  slag  contained  3j6  per  cent  zinc ;  0.7  pound  of  metal, 
or  about  3  per  cent,  was  lost. 

After  this  ran  fresh  glass  was  charged  into  the  hot  furnace.  It 
took  two  hours  and  91  kw.  h.  to  get  the  glass  melted  and  fully  fluid. 

Twenty-three  pounds  of  copper  were  charged  and  25  kw.  h.  more 
were  supplied  to  the  furnajce.  The  power  was  then  cot  off  and  18 
pounds  zinc  added  in  small  pieces  at  intervals.  Explosions  took 
place  as  each  piece  passed  through  the  superiieated  slag  and  clouds 
of  zinc  fume  were  evcdved.  About  15  kw.  h.  more  were  supplied  and 
an  attempt  niade  to  pour,  but  only  6.8  pounds  ingot  were  obtained. 
The  slag  contained  9.4  per  cent  Tsina 

A  further  test  was  made  by  one  of  the  writers  in  January,  1918,  to 
study  the  behavior  of  the  furnace.    As  Mr.  Wile  could  not  be  present 

**  Wile,  R.  8.,  An  electric  furnace  for  the  treatment  of  tin  dross :  Met.  and  Chem.  Eng., 
vol.  10,  1912,  p.  496. 
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and  sent  no  directions,  the  fumaoe  was  operated  on  the  basis  of  his 
previous  rerbal  insUuotimis  to  Mr.  Ljon. 

The  chrome-brick  lining  had  been  confflderably  eroded  in  the 
previous  runs,  but  was  patched  up  with  magnesite  ONnenL  The 
furnace  was  started  on  about  160  volts  and  about  80  pounds  of  broken 
window  glass  was  fed  in  slowly.  It  took  1  hour  and  £0  minutes  and 
67  kw.  h.  to  melt  the  glass.  In  order  to  get  tiie  furnace  to  take  45  kw. 
it  was  necessary  to  run  short  a:rcs  to  the  slag.  When  charing  was 
begun  the  furnace  took  150  volts,  300  amperes ;  94.8  pounds  of  leaded 
bronsse  containing  6  to  7  per  cent  tin,  10  to  12  per  cent  lead,  1^  to 
2  per  cent  zinc,  the  balance  copper,  was  charged  in  the  form  of 
ingots  weighing  about  15  pounds  eaidL  £aoh  ingot  was  allowed  to 
mrit  before  the  next  was  added  in  order  to  avoid  freezing  the  molten 
mass.  ALL  the  charge  was  added  in  40  minutes,  and  heating  was 
e(»itinued  30  minutes  mone.  Sixty^seven  kw.  h.  were  isied  in  1  hour 
and  10  minutes.  The  metal  was  then  poured,  but  could  not  be  poured 
cleanly  from  the  slag;  everything  was  poured  into  ingot  molds  and 
the  slag  was  later  broken  off.  Eighty-seven  and  nine-tenths  pounds 
of  ingot  were  obtained  ^d  one-half  poimd  more  as  buttons  by  crush- 
ing and  jigging  the  slag.  The  net  metal  loss  was  5.9  pounds,  or  over 
6  per  cent.  The  slag  contained  chromium  from  the  chromite  lining. 
The  power  factor  averaged  about  94.  The  electrodes  lost  3^  pounds 
during  the  run. 

Very  unpleasant  fumes  were  evolved  vdiile  the  glass  was  being 
melted  by  the  arcs,  the  lining  was  eroded  by  the  slag,  and  the  metal, 
except  in  the  middle  of  the  pour,  oould  not  be  •  poured  reasonably 
free  from  slag;  the  first  and  last  metal  were  badly  mixed  with  the 
slag. 

Mr.  Wile  later  said  that  the  tilting  type  had  been  abandoned  in 
favor  of  the  tapping  type.  Though  the  test  could  not  give  any 
direct  evidence  on  power  consumption,  it  did  indicate  that  melting 
the  glass  on  10-hour  operation,  for  example,  would  take  so  long  and 
use  so  much  power  to  melt  the  glass  that  the  furnace  would  be  in- 
convenient and  impractical. 

If  the  solid  material  diarged  floated  on  the  molten  material,  or  if  it 
could  be  held  in  the  slag  until  it  melted,  aS  in  ore^nielting  furnaces, 
an  arc-slag  resistance  furnace  Unght  be  thermally  efficient;  in  melt* 
ing  brate,  bowerer,  the  solid  material  charged  sinks  under  the  molten 
slag  and  goes  to  the  bottom  of  the  molten  metal,  if  any  is  molten. 
The  heat  generated  above  or  in  the  slag  is  applied  therefore  by  con- 
duction only  to  the  metal,  and  slag  is  a  relatively .  poor  conductor 
of  heat.    Wile  furnaces  have  been  -suggested  for  melting  steel,  but 


BBKKETT  FURNACE.  173 

Cone  ''^  says  that  the  Wile  furnace  has  disappeared  altogether  from 
the  list  of  active  steel  f urnace& 

A  Wile  furnace  was  erected  at  the  plant  of  the  Tottenville  Copper 
Co.  in  1919  ^^o  make  experiments  on  certain  alloys,  but  it  did  not 
give  satisfaction^  is  not  now  in  use,  and  has  been  dismantled."  ^^ 

The  Haynes  Stellite  Co.^'  tried  a  Wile  furnace  for  melting  Stellite, 
but  found  the  molten  glass  too  destructiye  to  the  lining. 

BEKIIETT   FCTBNACE. 

The  Bennett  furnace,  the  next  on  the  list,  'is  stiructurally  similar 
to  a  direct-arc  furnace,  hTKt  is  not  an  arc  furnace  because  the  voltage 
between  electrode  and  bath  is  kept  so  low  that  no  true  arc  is  formed. 
Heat  is  generated  by  the  resistance  of  a  poor  contact  between  elec- 
trode and  metah 

The  Bennett  furnace  has  been  described  only  in  the  patent,^^  and 
the  patent  describes  the  process  rather  than  the  furnace.  Other  ap- 
plications on  important  featnres  are  stUl  in  the  Patent  Office.  The 
furnace  has  been  developed  at  and  for  the  Scoyille  Manufacturing 
Co.,  Waterbury,  Conn.^  and  has  been  operating  commercially  for 
several  years.  Six  l-ton  furnaces  and  one  5*ton  furnace  are  melting 
alloys  ranging  from  yellow  brass  to  copper.  The  6*tan  furnace  is  the 
largest  electric  furnace  yet  built  for  bras& 

The  Bennett  furnace  was  adopted  after  exhaustive  experiments 
with  many  other  types;  henoe  its  selection  and  use  by  the  Scoville 
Manufacturing  Co.  indicate  that  it  is  suitable  for  nonferrous  melt- 
ing. It  has  not  yet  been  decided,  however,  whether  or  not  the  furnace 
will  be  made  available  for  other  Users;  unless  and  until  the  furnace 
is  put  on  the  market  it  is  likely  that  the  present  policy  of  secrecy  as 
to  the  exact  design  of  the  furnace  and  as  to  its  performance  will  be 
maintained. 

According  tp  the  patent  the  furnace  is  tbree-idiase,  the  1-ton 
size  taking  2)500  amperes  per  electrode  at  a  voltage  of  from  18 
to  20  between  ^ach  eleqtrodid  aBd  the  charge,  and  the  6-ton  fur- 
nace taking  4,200  amperes  and  32  to  40  volts.  In  a  three-phase 
furnace,  with  the  probable  power- factor  of. a  furnace  of  this  type, 
this  figure  aipountfli  to  &  power  input  p£  about  150  kw.  in  the  1-ton 
and  500  kw.  in  the  5-»ton, 

An  arrangement  of  the  electrodes  similar  to  that  used  in  the 
Heroult  steel  furnace  is  advised  in  order  to  effect  the  slight  cir- 
culation of  the  metal  and  the  mixing  of  the  charge  that  can  be 
obtained  by  utilization  of  the  electromagnetic  field.    That  the  cir- 

^  Cone,  B.  F.,  The  status  of  the  electric  steel  Industry :  Iron  Age,  vol.  105,  1920,  p.  75. 
™  Personal  communication,  Jan.  8,  1920,  from  Tottenville  Coppor  Co. 
^Personal  communication,  Feb.  12,  1920,  from  Elwood  Haynes. 
"  Bennett,  M.  H.,  U.  8.  Patent  1,337,806,  Apr.  20,  1920. 
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culatioa  in  the  Heroult  is  not  enough  for  mixing  steel  contain- 
ing difficultly  alloying  elements  has,  however,  been  pointed  out 
by  Hess,^*  and  this  would  not  be  sufficient  to  avoid  local  over- 
heating. 

Bennett  lays  great  stress  on  holding  the  rate  of  power  input 
down  to  a  point  where  the  thermal  conductivity  of  the  charge  can 
take  care  of  and  distribute  the  heat  without  causing  excessive  local 
superheating  near  the  electrode  tips.  The  rate  of  power  input  used 
is  about  half  that  used  in  furnaces  of  similar  sizes  in  other  types. 
The  ratio  of  heat  lost  by  radiation  to  that  usefully  employed  will 
therefore  be  high,  and  the  efficiency  will  probably  not  be  high, 
though  the  generation  of  heat  in  contact  with  the  charge  itself 
gives  less  chance  for  thermal  loss  than  in  many  other  types  of 
furnace,  as  this  factor  makes  for  efficiency.  On  the  other  hand, 
the  use  of  lower  voltages  and  high^  currents  than  are  required  by 
most  types  means  a  greater  loss  of  heat  in  electrodes  and  leads. 

Figure  24  shows  the  furnace  as  described  in  the  patent,  but 
the  diagram  probably  represents  the  form  actually  used  only  as 
closely  as  was  deemed  necessary  for  the  purposes  of  the  patent. 

The  electrodes  are  probably  controlled  automatically  by  electrical 
devices  which  maintain  the  electrodes  at  such  a  distance  from  the 
charge  that  the  desired  voltage  value  is  not  exceeded.  The  auxil- 
iary electrode  shown  in  the  tap  hole  does  not  carry  power  but 
allows  connection  of  meters  and  control  devices  in  order  to  main- 
tain the  proper  voltage  between  the  true  electrodes  and  the  bath. 
It  is  easy  to  see  how  the  furnace  can  operate  in  this  way  after  the 
charge  is  molten,  but  some  difficulty  might  be  expected  in  its  oper- 
ation on  solid  material  before  the  charge  has  melted. 

The  furnace  is  said  to  operate  without  a  slag,  to  be  tightly  closed, 
to  be  charged  at  the  start  with  the  whole  charge,  including  the 
zinc,  and  to  give  a  net  metal  loss  of  less  than  1  per  cent,  even  on 
alloys  high  in  zinc  and  lead.  The  power  consumption  is  said  to 
compare  favorably  with  many  of  the  other  commercial  electric 
brass  furnaces. 

The  furnace  is  of  much  interest  theoretically,  and  the  fact  that 
it  has  operated  under  rolling-mill  ooBditi<ms  in  commercial  pro- 
duction  indicates  that  it  has  future  commercial  possibilities. 

The  generation  of  heat  at  voltages  lower  than  are  commonly  sup- 
posed to  be  necessary  to  hold  an  arc  on  alternating  current  is  not 

entirely  unknown. 

--  — —  — -  -  ■  ■- --.--.  — ^ . — — 

n  TleM,  n.  L..  Electric  furnaces  as  applied  to  steel  making :  Mecb.  £ng.,  roL  41,  1919. 
p.  245 ;  Cbem.  Abatr.,  Tol.  14,  1920.  p.  10. 
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scKBiaumi  joat  bbohh  tubhacb. 

The  Schemmann  and  Bronn  *'  furnace  for  melting  ferromanganese 
for  addition  to  steel  operates  as  a  contact-resistance  furnace.  The 
patent  states  that  arc  furnaces  operating  at  the  usual  voltage  of 


FlatiBl  2*. — Diagram  ol  Bttaoett  taratrv. 

steel  furnaces— that  is,  45  to  75  between  electrode  and  bath— cause 
volatilization  of  manganese;  if,  however,  the  electrode  is  lowered 
so  that  it  just  touches  the  surface  of  the  bath  and  the  voltage  Is  16 
to  18 — that  is,  below  the  counter  electromotive  force  of  the  arc, 
which  is  generally  taken  to  be  about  30  volts — it  is  possible  to  ob- 

W.,  and  BroDii,  J.,  C.  S.  Patent  1.0S6.4S4.  Mar.  18,  1913. 
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tain,  by  the  oontaot  tesistanee  tiitis  produced,  an  ample  heating  of 
the  bath  without  noticeable  loss  of  manganese.  I 

According  to  Eodenhauser  ^^  the  Schemmann  and  Bronn  furnace 
is  built  much  like  an  ordinary  three-phase  Heroult,  but  the  voltage 
between  each  electrode  and  the  bath  is  25.  Nearly  all  the  furnaces 
melting  ferromanganese  run  at  a  distinotly  lower  Tcdtage  than  the 
steel  furnaces  of  the  same  make.  The  voltages  used  on  ferroman- 
ganese melting  furnaces  differ  as  shown  below : 

Table  40. — Voltage  of  elecirio  furnaces  for  ferromanganese. 

Furnace :  VoltmgiB. 

Schemmann  and  Bronn — _« ^ 25 

KeUer ^ 30 

Girod ^-- 40  to  60 

Heroult 49, to  56 

Nathusius 65 

The  furnaces  all  carry  a  layer  of  slag  orer  the  bath ;  the  higher 
the  voltage  used  the  thicker  the  layer  of  slag.  Rodenhauser  con- 
siders that  an  arc  is  present  even  at  25  volts,  the  arc  stream  being 
made  up  of  metallic  vapor."* 

Lemp "'  states  that  on  automatic  welding  machines  arcs  less  than 
i^-inch  long  can  be  held,  and  sometimes  there  has  been  maintained 
continuously  an  arc  so  short  that  there  hardly  seemed  to  be  any  actual 
separation.  I^emp  concludes  that  much  is  to  be  learned  as  to  current 
action  and  current  conduction  in  such  an  arc 

BardwelP*  quotes  Korten**  as  stating  that  to  melt  ferromanga- 
nese in  a  direct-arc  furnace  without  loss  of  manganese  by  volatiliza- 
tion a  low  voltage  must  be  employed,  the  arc  must  be  short,  and 
the  hearth  offer  a8  much  surface  as  possible.  A  uniform  heating 
over  a  large  surface  and  not  an  intense  heating  over  a  small  surface 
area  should  be  sought. 

DSKOIXY-GKAMMONT    FXrBKACS. 

Another  furnace,  on  which  little  information  is  available,  is  the 
deXolly-Grammont  furnace.  The  deNolly  furnace  as  shown  in  fig- 
ure 25  was  used  at  the  Gnunmont  works  in  France  for  melting  ferro- 
manganese for  fluid  addition  to  steel.    According  to  the  deNolly  pat- 


■*• 


"^  Bodenhaaser,  W.,  Ferroroangan  als  Deaoxydatlonmlttel,  1015,  p.  26. 
••CMBpans  ItcLsanaa,  J.  C*  Low^olUgt  arcs  In  metallic  vapora:  Proc  Pbys.  Soc.,  toI. 
m,  1019,  p.  80;  Chem.  Abrtr..  vol.  13,  1910.  p.  2311. 
«Lemp,  H.,  dlBcnaslon,  Welding  mild  st^l :  Bull.  Am.  Inst.  Mtn.  Eng.,  May.  1010. 

p.  829. 

M  Bardwell.  E.  8..  discussion.  Bull.  Am.  Inst.  MIu.  Eng.,  No.  143,  Nov.,  lOlS.,  p.  1662. 
■■Korten,  R.,  SUhl  und  Elsen,  vol.  82,  l0l2,  p.  426. 
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eat "  this  famace  also  bears  much  resflmblsnce  to  a  direct-arc  steel  fur- 
nace, bnk  the  voltage  used  is  very  low  and  very  larpe  electrodes  are 


:l 


— Diagram  of  <leNoIl;  furni 


used  in  order  to  distribute  the  heat  generated  and  to  help  reduce  local 
overheating.  The  carbon  electrodes  are  so  large  (approximately  20  by 

"il«Ho!l7,  H.,  V.  B.  Patent  l.Bl«,»BI.  Peb.  20.  191T, 
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20  inches)  that  they  almost  eliminate  any  real  roof  to  the  fomaoe. 
This  arrangement,  though  avcHding  roof  troubles,  must  inyolve  a 
material  loss  of  heat  through  such  a  good  conductor  of  heat  as  a  car- 
bon electrode. 

In  melting  f erromanganese  for  addition  to  steel  a  large  bath  of  the 
alloy  is  kept  m<dten,  and  frequent  withdrawals  of  small  amounts  of 
molten  alloy  and  frequent  charging  of  small  amounts  of  solid  alloy 
are  made,  the  furnace  not  being  emptied.  The  huge  electrodes  are 
utilized  in  a  novel  way  in  controlling  the  discharge  of  molten  mate- 
rial. Instead  of  the  furnace  being  tilted  or  tapped  it  has  an  over- 
flow spout,  and  when  a  pour  is  to  be  made  the  power  is  cut  off  and 
the  electrode  is  lowered  into  the  bath  until  the  level  of  the  melt  rises 
to  the  spout ;  by  further  lowering  of  the  electrode  the  desired  amount 
of  alloy  is  displaced  and  is  made  to  run  from  the  spout.  The  need 
for  a  charging  door  is  avoided  by  raising  an  electrode  out  of  the  fur- 
nace by  charging  the  solid  alloy  into  the  bath  through  the  opening 
thus  made.  Another  feature  of  the  furnace  is  the  practical  elimina- 
tion of  any  open  cfpace  over  the  metal ;  the  molten  charge  in  the  small 
space  not  covered  by  the  huge  electrodes  reaches  almost  to  the  roof. 
This  feature  would  be  inconvenient  if  the  furnace  were  to  be  operated 
for  intermittent  heats  instead  of  with  a  constantly  molten  bath  in  the 
furnace,  for  there  is  not  room  to  contain  a  solid  charge  big  enough 
to  fill  the  furnace  after  the  charge  is  molten.  There  is  also  a  con- 
striction in  the  hearth,  or  a  channel  between  the  main  hearth  and  a 
sort  of  a  forehearth,  in  which  a  certain  amount  of  resistance  heating 
is  claimed. 

The  information  on  this  furnace  was  suplied  through  the  courtesy 
of  Capt.  M.  Altmeyer,  of  the  French  Technical  Commission.  Un- 
fortunately he  did  not  have  data  on  the  voltage  and  current  used. 
Though  it  is  certain  that  the  voltage  is  very  low,  it  is  impossible  to 
determine  definitely  whether  the  furnace  should  be  classed  as  a 
direct-arc  or  as  a  contact-resistanoe  furnace  like  the  Bennett.  The 
borax  added  would  not  form  a  slag  thick  enough  to  give  any  ap- 
preciable heating  frcnn  slag  resistance.  Capt.  Altmeyer  had  the 
impression  that  the  furnace  operated  at  about  30  volts.  The  avail- 
able power  supply  is  thought  to  be  800  kw. 

During  the  war  France  needed  brass  and  was  short  of  fuel.  As 
the  deNoUy  furnace  at  the  Grammont  works  used  hydroelectric 
power,  the  furnace  was  tried  for  melting  brass,  and  two  such  furnaces 
were  put  into  regular  operation. 

Data  on  the  operation  of  one  furnace  from  December  19,  1916, 
at  8.85  a.  m.,  to  December  21,  8.52  a.  m.,  are  given  in  Table  41.  To 
form  a  slap  85  to  40  kg.  or  76  to  90  pounds  of  borax  were  charged 
with  each  heat.  The  charge  was  60 :  40  brass  scrap,  with  the  addi- 
tion of  zinc  to  compensate  for  loss  in  melting.   As  a  deoxidizer,  2  kg. 
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of  aluminuni  per  heat  were  added.    The  metal  was  poured  direct 
into  ingot  molds  placed  on  a  turntable  in  front  of  the  spout. 

Tabus  41. — French  test  of  deyoUihOfXMnmont  furtMce  melting  yellow  brass. 


Date. 

Thne.« 

Charge. 

Zn. 

Total. 

Ingot 
poured. 

Drom. 

Power 
tued. 

Heat  No. 

Gliaiged. 

Poured. 

Tum- 
ings. 

Crop 
ends. 

1    

19 

Jz.    fH. 

8    35 
IS    95 

21    00 

8  QD 

9  20 
15    05 
20'  55 

3    00 

H.  m. 

15    00 

21    00 

3    00 

9.15 

15    00 

20    66 

2    55 

6   62 

1\%1 
1  000 
1,330 
1,830 
1,330 
1,330 
1.397 
1,330 

1,&2 
1,034 
701 
702 
703 
702 
736 
701 

60 
100 
37 
70 
90 
86 
76 
70 

2,093 
2,134 
2,118 
2,102 
2,123 
2,118 
2,209 
2,101 

l79i3 
1,899 
2,075 
1,902 
2.015 
2,046 
2,119 
1,988 

104 
105 
130 
105 
109 
65 
51 

1,090 
1.105 

2 

19 

s 

19-20 

1,000 
955 

4 

20 

6 

20 

1.062 

6 

20 

1,083 
1,082 

7 

20 

8 

20-21 

1,012 

Total.. 

580 

16,998 

15,957 

779 

8,429 

'Total  time,  48  hours  and  17  mlnates.     French  time;  same  as  3  p.  m. 

The  gross  metal  loss  was  1,036  kg.,  or  6.1  per  cent.  No  data  are 
given  as  to  whether  the  turnings  contained  oil  or  dirt  or  concerning 
the  recoverable  metaL  If  it  be  assumed  that  there  was  2  per  cent 
nonmetallic,  oil  and  dirt,  on  the  turnings  and  that  25  per  cent  of 
the  dross  was  recoverable  metal,  the  net  loss  would  drop  to  about  4 
per  cent,  a  high  figure,  but  not  so  high  as  to  prevent  the  use  of  the 
furnace  in  the  emergency.  It  will  be  noted  that  on.  the  average  3^ 
per  cent  excess  zinc,  on  the  basis  of  the  total  charge,  was  added  to 
make  up  for  volatilization  losses,  the  charge  being  calculated  for  58 
per  cent  copper  and  42  per  cent  zinc,  in  order  to  give  the  desired 
60:40  brass. 

The  power  consumption  and  rate  of  production  are  not  good  as 
compared  to  American  practice,  since  a  furnace  taking  175  kw. 
average  load,  on  16,998  kg.,  about  37,480  pounds,  or  18f  tons,  required 
8,429  kw.  h. ;  that  is,  60 :  40  brass,  doubtless  poured  at  about  1,050®  C, 
was  melted  on  24-hour  operation,  at  the  rate  of  460  kw.  h.  per  ton  of 
metal  charged,  or  480  kw.  h.  per  ton  of  metal  cast. 

The  production  was  only  some  780  pounds  per  hour  with  an  aver- 
age power  input  of  176  kw.  The  average  charge  was  4,660  pounds 
and  the  average  time  per  heat  six  hours.  The  furnace  seems  under- 
powered for  so  large  a  charge,  though  doubtless  an  increase  in  the 
rate  of  power  input,  especially  if  obtained  through  an  increase  in 
voltage,  would  have  resulted  in  increasing  the  loss  of  zinc. 

The  electrode  consumption  is  given  as  10  kg.  of  carbon  electrodes 
per  metric  ton  of  brass,  or  20  pounds  per  short  ton.  It  is  said  that 
one  man  can  operate  one  furnace,  six  other  men  helping  during  cast- 
ing the  ingots,  or  one  man  can  operate  two  furnaces  with  a  crew  of  10 
for  aid  in  casting.    With  the  heats  coming  out  six  hours  apart  it 
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would  seem  that  by  sta^ering  the  heats  a  crew  able  to  handle  the 
pouring  of  one  furnace  should  suffice  for  two. 

GBAMMONT  MODIPIGATIOK  OF  BEVOLLY  lUBNAGS. 

Grammont*^  has  patented  a  modification  of  the  deNolly  furnace 
which  is  evidently  designed  to  make  the  design  more  suitable  for 
work  on  copper  and  its  alloys.  Capt.  Altmeyer  stated  that  he 
thought  M.  Grammont's  interest  in  the  furnace  concerned  more  the 
melting  of  copper  than  of  brass. 

The  Grammont  modification  eliminates  the  forehearth  and  channel 
of  the  deNolly  furnace,  being  a  two*phase  furnace  with  conducting 
bottom  and  two  large,  square  carbon  electrode^,  which  almost  cover 
the  hearth,  as  in  the  deNolly,  and  require  very  little  refractory  roof. 

The  furnace  is  rectangular,  with  charging  doors  at  each  end,  the 
pouring  spout  being  in  the  middle  of  a  long  side  of  the  furnace. 
The  overflow  pouring  scheme  of  the  deNolly  furnace  seems  to  be 
retained.  Above  the  conducting  bottom,  which  rests  on  the  lower 
metallic  electrode  built  into  the  furnace,  is  a  nonconducting  hearth, 
with  several  (five  shown  in  the  patent)  holes  through  it.  The 
molten  metal  in  these  holes  is  in  contact  with  the  lower  electrode  and 
is  supposed  to  be  heated  by  its  own  resistance  to  a  temperatui*e  higher 
than  the  body  of  the  bath*  This  appears  to  be  an  attempt  to  combine 
heating  below  the  batli  in  resistor  tubes  similar  to  the  Hering ''  pinch- 
effect  "  furnace,  with  heating  above  the  bath  by  a  low -voltage  arc  or 
contact-resistance  heating. 

Now  the  Hering  prindple,  as  will  be  seen  later  in  the  description 
of  the  Hering  fumaoe,  requires  such  extremely  high  currents  and 
low  voltages  that  carrying  these  currents  in  carbon  electrodes,  even 
the  huge  ones  of  the  deNolly -Grammont  design,  is  impracticable  be- 
cause most  of  the  heat  developed  would  be  in  the  electrodes,  outside 
the  furnace,  rather  than  in  the  resistor  holes  or  tubes.  These  holes 
in  the  hearUi  of  the  Grammont  furnace  therefore  serve  merely  to 
make  connection  between  tlie  lower  electrode  and  the  bath  and  can 
not  develop  ajuy  appreciable  proportion  of  the  total  energy  developed 
in  the  furnace.  The  Grammont  furnace  must  consequently  be  classed 
as  a  diro(>t-arc  or  a  contartr-resistance  furnace  (the  voltage  to  be  used 
is  not  mentioned  in  Grammont's  patwt)  rather  than  as  a  Hering  type 
resistance  furnace,  and  its  power  consiunpticm  and  metal  losses  should 
not  differ  much  from  those  of  the  deNolly  furnace,  although  in 
construction  (aside  from  the  holes  in  the  hearth)  it  ijs  rather  more 
simple  than  the  deNolly.  The  holes  in  the-  hearth  require  either  that 
the  furnace  be  made  to  tilt  (which  is  seemingly  not  contemplated )i 
so  that  all  molten  metal  could  be  drained  from  them  if  the  furnace 

•'Qiammont,  B^  French  Patent  487.605,  July  17,  1918. 
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were  to  be  shut  down,  or  else  require  that  the  furnace  be  kept  hot 
continuously,  so  that  the  metal  will  not  freeze  in  the  holes  and  damage 
the  hearth.  Evidently  the  furnace  would  be  simpler  and  more  prac- 
tical if  the  lower  carbon  electrode  were  extended  up  to  the  hearth 
instead  of  being  connected  to  it  by  tubes  full  of  molten  metal. 

It  should  be  pointed  out  that  for  a  given  power  input  the  low- 
voltage  furnaces,  whether  they  use  direct-arc  or  contact-resistance 
heating,  require  high  currents  and  consequently  are  subject  to  greater 
heat  losses  in  leads  and  electrodes  than  are  furnaces  operating  at 
higher  voltages,  so  that  the  thermal  efficiency  of  low-voltage  fur- 
naces tends  to  be  lower  than  that  of  higher  voltage  furnaces  using 
electrodes. 

The  question  whether  in  these  furnaces  that  structurally  resemble 
direct-arc  furnaces  local  superheating  and  consequent  metal  losses 
can  be  avoided  by  using  very  low  voltages  and  utilizing  contact  re- 
sistance instead  of  a  true  arc  or  by  using  very  large  electrodes  and 
attempting  to  spread  the  arc  over  a  large  surface  instead  of  localizing 
it  can  not  be  answered  by  the  available  data.  The  big  electrodes  will 
not  wear  off  smoothly  to  a  perfectly  flat,  level  tip,  from  which  a 
short  but  very  fat  arc  low  in  energy  density— that  is,  generating  few 
calories  per  unit  of  a  very  large  area — can  be  drawn,  but  will  wear 
off  irregularly,  with  the  result  that  the  current  will  jump  from  the 
tiny  projection  nearest  the  charge,  and  thus  the  heating  will  be 
localized. 

It  is  possible  that  by  using  a  slag,  like  the  borax  used  in  the 
deNoUy  furnace,  the  electrodes  might  be  slightly  below  the  normal 
level  of  the  slag  and  the  slag  be  slightly  blown  away  from  it  by  the 
arc  stream,  for  something  of  this  nature  is  often  noted  in  an  ore- 
smelting  furnace  running  at  a  low  voltage.  At  a  certain  point  there 
is  no  open,  flaming  arc,  yet  the  slag  does  not  wet  the  electrode  even 
though  the  electrode  is  buried  in  it.  Such  a  condition  is  usually 
called  a  submerged  arc,  and  while  such  an  arc  is  not  as  hot  as  a 
high-voltage  open  arc,  its  temperature  is  still  certainly  above  the 
boiling  point  of  zinc  in  brass.  Moreover,  this  condition  does  not 
hold  when  the  furnace  contains  a  charge  of  solid  metal  at  the  begin- 
ning of  a  heat.  Then  the  heating  is  essentially  and  necessarily 
localized,  and  though  the  metal  may  sometimes  drip  away  from  the 
arc  as  fast  as  melted  and  before  it  can  be  superheated,  yet  it  must 
often  collect  in  pockets  and  be  held  in  tjie  arc  long  enough  to  permit 
material  losses  of  volatile  constituents,  unless  the  furnace  is  so  tightly 
closed  that  the  metal  vapor  can  not  escape.  It  would  be  difficult  in 
the  deNoUy-Grammont  furnace  to  make  a  vapor-tight  joint  between 
the  huge  carbon  electrodes  and  the  openings  through  which  they 
enter  and  still  provide  for  the  necessary  adjustment  of  the  electrodes. 

68723'— 22 ^13 
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It  is  probable  that  a  low-voltage  direct-arc  furnace  might  not 
have  quite  as  high  metal  losses  as  the  ordinary  direct-arc  furnace, 
and  that  the  metal  loss  might  be  held  low  enough  that,  under  some 
conditions,  the  simplicity  of  construction  of  the  direct-arc  type  might 
make  it  pay  to  accept  the  metal  loss,  but  under  most  American  con- 
ditions it  would  seem  that  the  chances  were  against  such  a  furnace 
being  useful.  Until  such  a  type  of  furnace  has  been  shown  to  give 
much  lower  metal  losses  than  those  of  the  de  Nolly  test,  or  with  that 
metal  loss,  to  give  materially  better  production,  power  consumption, 
etc.,  than  other  types  of  furnaces  that  show  low  metal  losses,  no  form 
of  direct-arc  furnace  should  be  used  for  melting  alloys  high  in  zinc. 
Whether  a  low-voltage  direct-arc  furnace  would  do  good  work  on 
a  red  brass,  bronze,  leaded  bearing  metal,  etc.,  is  an  open  question, 
as  only  the  high*  voltage  Snyder  has  been  used  for  them. 

VON  SCHIi£GELIi-FIiBTCHB&  FUBNACE. 

A  suggestion  for  minimizing  the  metal  loss  in  a  direct-arc  brass 
furnace  is  found  in  the  von  Schlegell-Fletcher  patent,®*  whereby 
the  brass  is  to  be  melted  down  by  a  direct  arc,  and  after  it  is  melted 
an  extra  electrode  is  stuck  in  through  the  pouring  spout  and  the 
heating  is  continued  by  an  indirect  arc,  that  is,  one  between  carbon  or 
graphite  electrodes  above  the  melt. 

To  reduce  further  the  surface  overheating  that  occurs  even  with 
an  indirect  arc,  the  hearth  of  this  furnace  is  made  deep  and  of  small 
cross  section  in  order  to  present  as  little  surface  as  possible  to  the 
direct  heat  from  the  arc  over  it.  As  heated  metal  stays  at  the  top, 
this  deep  hearth  will  defeat  its  own  purpose ;  to  get  the  metal  in  the 
bottom  of  the  hearth  hot  enough  to  pour,  the  surface  layer  must  be 
even  more  violently  overheated  than  it  would  be  with  a  wide  and 
shallow  hearth,  so  that  the  scheme  would  invite  rather  than  prevent 
metal  losses.  The  deep  hearth  also  offers  every  opportunity  for  the 
composition  of  the  melt  to  vary  between  the  first  and  the  last  metal 
poured,  owing  to  separation  of  heavy  constituents  by  gravity.  So 
far  as  is  known  this  furnace  has  not  been  tried  or  constructed. 

DIB£CT-ABC  FTTBJTACES  IN  WHICH  THE  ABC8  ABE  IK  MOTIOH. 

VOK  SCHATZL  FUBNACE. 

Von  SchatzP*  designed  a  furnace  consisting  of  a  large  upright 
hoop-shaped  trough  mounted  to  rotate  like  a  wheel  on  a  jacked-up 
axle.  The  electrodes  are  set  at  a  slight  angle  so  that  their  tips  enter 
the  trough  at  the  lower  part  of  the  hoop ;  the  arcs  drawn  from  the 

••  Von  SohleKell,  F.,  and  Fletcher,  C.  B..  U.  S,  Patent  1,294.837,  Feb.  18.  1919. 
««Von    BcbatKl.   G..   Qerman   Patent  281,784,   Feb.   28,   1911;  von   Scbatsl,  O.,  and 
Krleger,  B.,  Austrian  Patent,  49,448,  Aug.  26,  1911. 
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electrode  to  the  charge  heat  the  latter,  which  lies  below  the  elec- 
trodes in  a  small  sector  of  the  trough.  The  rotation  of  the  hoop  is 
designed  to  mix  the  charge  and  to  promote  homogeneity.  Among 
the  possible  uses  is  mentioned  the  melting  of  steel.  It  is  not  known 
whether  this  furnace  has  been  actually  constructed  or  not. 

BUCKMAN   EUBNACE. 

Buckman  ^  describes  a  direct-arc  furnace  in  which  the  electrodes 
are  eccentrically  located  and  rotate,  thus  distributing  the  heat  and 
reducing  its  localization.  The  mechanical  details  as  to  the  making 
of  electrical  connection  for  these  moving  electrodes  are  not  given. 
The  furnace  has  not  been  specifically  suggested  for  brass,  nor  is  any 
embodiment  of  the  scheme  in  an  actual  furnace  known  to  have  been 
made. 

StJMMABT  IK  BEGABD  TO  DIBECT-ABC  FOBKACES. 

Direct-arc  furnaces  superheat  the  surface  of  the  charge  so  that  if 
the  charge  contains  much  zinc,  lead,  or  other  volatile  metals,  the 
metal  losses  are  very  great.  Furnaces  built  like  direct-arc  furnaces 
but  using  so  low  a  voltage  that  no  true  arc  is  formed  are  possibilities 
concerning  which  too  little  is  known  to  make  them  available  for  pres- 
ent general  use.  Direct-arc  furnaces  could  be  used  on  pure  copper 
(if  the  problem  of  copper  poisoning  by  fumes  is  solved),  on  true 
bronze,  aluminum  bronze,  or  red  brass  not  too  high  in  zinc  or  lead, 
but  can  not  be  satisfactorily  used,  even  for  occasional  heats,  on  yel- 
low brass.  Only  one  commercial  application  of  true  direct-arc  fur- 
naces to  copper  alloys  is  being  made  in  the  United  States  at  present. 

This  type  of  furnace  is  the  accepted  standard  for  steel  and  nickel- 
chromium  alloys  and  works  well  on  Monel  metal.  It  might  work  on 
alimiinum  or  aluminum-copper  alloys,  but  no  actual  trials  have  been 
recorded.  Aluminum  is  so  prone  to  absorb  gases  at  high  tempera- 
tures that  the  direct  arc  might  not  produce  a  good  quality  of  metal. 

STATIONAET  DTOISECT-ABC  FUBITACES. 

MOLDENXE  FTTBKAGE. 

Indirecfc-arc  furnaces  do  not  superheat  the  surface  of  the  melt  so 
severely  as  direct-arc  furnaces,  and  the  indirect-arc  type  therefore, 
has  a  wider  application  to  brass  and  bronze. 

Perhaps  the  earliest  suggestion  of  the  use  of  an  indirect-arc  fur- 
nace for  brass,  though  the  main  object  was  melting  steel,  was  that  of 
Moldenke,"^  in  1896.    The  charge  was  to  be  placed  on  an  inclined  sur- 

•«  Buckman,  H.  H.,  U.  S.  Patent  1,092,764,  Apr.  7,  1914. 
n  Moldenke,  B.  O.  J.,  U.  S.  Patent  569,221,  Oct.  18,  1896. 


184  ELECTBIC  BBASS  FURNACE  PRACTICE. 

face,  preheated  by  heat  transmitted  to  this  inclined  surface  by  a  fuel- 
fired  furnace,  melted  by  the  heat  radiated  from  one  or  more  arcs,  and 
then  allowed  to  run  into  a  sump,  where  it  was  to  be  heated  to  pouring 
temperature,  and  from  which  it  was  to  be  tapped.  Since  this  su^es- 
tion  was  made  before  the  first  Stassano  patent  (1898)  or  the  first 
Heroult  patent  (1900)  at  a  time  when  electric- furnace  design  was  in 
an  embryonic  state,  it  is  not  remarkable  that  the  idea  was  not  carried 
to  fruition.  It  is  more  than  possible  that  the  principle  of  preheating 
the  charge  by  fuel  and  of  finishing  the  melt  by  electric  heat  may  be 
found  desirable,  though  such  a  development  is  still  in  the  future. 

GONTABBO  FT7BKACE. 

In  1901  Contardo®^  described  a  tilting  indirect-arc  furnace  more 
nearly  approaching  modem  furnaces  in  the  relative  size  and  arrange- 
ment of  parts. 

HANSEN'S  TEST  OF  WEEKS'S  ZINC  EUBNACE  ON  COPPEB. 

Hansen  made  a  heat  or  so  of  pure  copper  in  the  Weeks  indirect-arc 
zinc-smelting  furnace,  the  furnace  being  stationary,  and  has  described 
the  furnace  and  given  data  on  the  test.^^ 

The  furnace  had  the  form  of  a  horizontal  cylinder  with  electrodes 
entering  each  end  through  stationary  heads,  which  did  not  move 
when  the  furnace  was  melted  to  pour.  Starting  with  a  cold  furnace, 
2,000  pounds  of  copper  ingots  were  melted  with  630  kw.  h.  in  3  hours 
and  50  minutes,  and  1,926  pounds  of  copper  were  recovered,  giving 
a  gross  loss  of  3.7  per  cent,  part  of  which  was  doubtless  due  to  soak- 
age  into  the  fresh  lining.  From  this  test  Hansen  calculates  that  an 
indirect-arc  furnace  should  melt  brass  at  less  than  300  kw.  h.  per  ton, 
Having  made  no  tests  on  brass  in  the  Weeks  furnace,  he  does  not 
commit  himself  very  definitely  as  to  metal  losses. 

Weeks  ^*  has  discussed  the  possible  application  of  his  zinc  furnace 
to  brass,  but  the  discussion  is  not  based  on  actual  test. 

SHIPTON   FT7BNACE. 

Shipton  ^^  has  suggested  a  modification  of  the  ordinary  indirect- 
arc  type  especially  intended  for  brass  melting.  In  the  Shipton 
furnace  the  metal  is  charged,  for  preheating,  on  a  tiltable  refractory 
shelf  located  above  the  arcs,  but  below  the  roof.  After  the  metal  is 
preheated  it  is  dumped  into  the  melting  chamber  proper  by  tilting 
the  shelf.    This  is  an  attempt  to  utilize,  more  directly  than  merely 

•a  Contardo,  R.  C„  U.  8.  Patent  688,398.  Dec.  10,  1901, 

('^  Hansen,  C.  A.,  Electric  melting  of  copper  and  brass:  Trans.  Am.  Inst.  Metals,  vol. 
«,  1912,  p.  110. 

**  Works,  C.  A.,  Melting  nonferrons  metals  in  an  electric  fnniace :  Met.  and  Cbem. 
Edk.,  vol.  9,  1911,  p.  363. 

«>  Shipton,  J.  D.,  17.  S.  Patent  1.818,746,  Aug.  19,  1919. 
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by  reflecting  it  back  from  the  roof,  the  heat  radiated  upward  from 
the  arcs.  Such  a  construction,  however,  violates  the  principle  that 
no  complications  are  permissible  in  the  hot  interior  of  a  furnace. 

The  patent  leaves  to  the  imagination  the  selection  of  a  material 
suitable  for  the  construction  of  this  movable  shelf. 

The  upkeep  and  repair  of  such  a  part  of  the  furnace  would  neces- 
sarily be  so  expensive,  difficult,  and  troublesome,  as  to  nullify  any 
advantage  that  might  accrue  from  more  directly  utilizing  the  heat 
radiated  upward  from  the  arcs.  It  is  unlikely  that  this  furnace  has 
ever  been  operated. 

INDIANAPOLIS  FUBNACE. 

Late  in  1915  an  indirect-arc  furnace  operated  in  a  stationary  posi- 
tion, but  tilted  to  pour,  was  advertised  by  the  Indianapolis  Electro 
Metals  Co.  for  melting  brass.  This  furnace  was  single-phase,  built 
in  the  form  of  a  horizontal  cylinder,  with  electrodes  entering  at 
each  end,  but  the  electrodes  tilted  with  the  furnace,  thus  avoiding  the 
joint  between  electrode  support  and  furnace  body  that  was  a  weak 
point  in  the  design  of  the  Weeks'  zinc  furnace.  Certain  claims  were 
made  as  to  the  performance  of  this  furnace,  and  photographs  of  the 
furnace,  which  had  a  capacity  of  perhaps  500  pounds,  taken  during 
the  pouring  of  a  heat  of  copper,  were  sent  in. 

The  data  and  photographs  were  lost  in  the  fire  that  destroyed  the 
Bureau  of  Mines  office  at  Cornell  University  in  1916.  Letters  ad- 
dressed to  the  firm  thereafter  were  returned  undelivered,  so  the 
data  and  photographs  could  not  be  replaced.  The  furnace  was  never 
in  commercial  use. 

STASSAN0-T7PE   FTTBNACE   TESTED   BY  HANSEN. 

The  first  indirect-arc  furnaces  to  attain  any  real  commercial  use 
were  those  designed  by  Stassano,  so  indirect-arc  furnaces  are  often 
referred  to  as  being  of  the  Stassano  type,  just  as  direct-arc  furnaces 
are  referred  to  as  being  of  the  Heroult  type,  because  Heroult  was 
the  first  to  make  commercial  furnaces  of  that  type.  Siemens  ••  had 
invented  and  described  both  types  long  before,  but  as  the  term 
"  Siemens  furnace "  does  not  tell  which  type  is  meant  the  terms 
"  Heroult "  and  "  Stassano  "  are  often  loosely  used  as  a  convenient 
shorthand  to  designate  the  direct-arc  and  the  indirect-arc  type  of 
furnaces. 

In  1913-1914  Hansen,  instead  of  continuing  with  the  Weeks  fur- 
nace, designed  a  Stassano-type  furnace  at  the  Schenectady  works  of 
the  General  Electric  Co.  for  melting  brass.  This  furnace  was  three- 
phase,  holding  3,500  to  4,000  pounds,  and  was  operated  without  the 

M  Siemens,  W.,  EngUsh  Patents  4,208  of  1878  and  2,110  of  1879. 
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oscillating  motion  of  the  Stassano.  When  it  was  tried  on  yellow 
brass  borings  the  surface  overheating  of  the  charge  was  so  great  that 
the  furnace  could  not  be  kept  closed,  clouds  of  zinc  vapor  escaped, 
the  metal  losses  were  high ;  the  product  analyzed  27  per  cent  zinc 
when  the  borings  charged  contained  33  per  cent,  and  the  furnace 
was  evidently  not  suitable  for  yellow  brass.  The  furnace  was  later 
used  for  other  purposes  and  no  detailed  records  of  its  operation  on 
brass  are  available. 

The  Scoville  Manufacturing  Co.  also  tested  a  -Stassano-type  fur- 
nace on  yellow  brass  and  encountered  such  difficulties  from  super- 
heating of  the  surface,  from  excessive  zinc  loss,  sticking  of  the 
electrodes,  and  attack  of  the  electrode  coolers,  due  to  condensation  of 
zinc,  that  they  abandoned  it. 

According  to  Cone  ^^  there  was  in  January,  1920,  only  one  Stassano 
furnace — that  one  being  used  for  steel — in  the  United  States.  In 
Italy,  however,  a  large  part  of  the  steel  furnaces  are  of  the  Stassano 
type,  as  according  to  recent  figures  ®^  there  are  40  Bassanese,  26  Stas- 
sano, and  22  Angelini  furnaces,  or  88  indirect-arc-type  furnaces,  to 
14  Heroult  and  10  Keller,  or  24  of  the  direct-arc  type.  The  Bassa- 
nese*® and  Angelini  furnaces  are  Stassano-type  furnaces  said  to  be 
made  by  former  employees  of  Stassano. 

Figure  26  shows  the  principle  of  a  single-phase  Stassano-type 
furnace,  and  figure  27  the  plan  of  a  three-phase  Stassano  steel 
furnace. 

STASSANO-PETUrOT  rCTBNACIL 

Schmelz^  describes  Petinot's*  modification  of  the  Stassano  fur- 
nace, which  mainly  consists  in  making  the  roof  so  thin  that  enough 
heat  is  lost  to  keep  the  roof  fairly  cool  and  hence  increase  its  life. 
This  furnace  was  tested  at  the  plant  of  the  Titanium  Alloy  Manufac- 
turing Co.,  but  the  only  information  given  on  the  test  is  that  1,000 
pounds  of  copper  was  melted  in  a  120-kw.  furnace  in  less  than  two 
hours.    No  tests  are  cited  on  brass  and  no  metal  losses  given. 

BUBEAU  07  MINES  TESTS  ON  SMAIX  STASSANO-TYPE  FOBNACE, 

In  order  to  get  an  idea  of  the  metal  losses  in  an  indirect-arc  fur- 
nace the  Bureau  of  Mines  made  a  few  tests,  starting  in  March,  191S, 
in  a  small  furnace  built  in  a  100-pound  Schwartz  open-flame  oil- 
furnace  shell,  loaned  through  the  kindness  of  the  Hawley  Down- 

vr  Cone,  B.  F.,  The  tUtiM  of  the  electric  steel  Indastry :  Iron  Age,  toI.  105,  1920.  p.  75. 

"•  V.  D.t  1,000  fours  electrtques  k  acier  dans  le  monde :  Jour,  du  four  electrique,  vol.  28, 
1019.  p.  113. 

••  Bassanese.  F.,  English  patent  1,173  of  1910 ;  see  aioo  Hytdsten,  T.  M.»  ud  Ingelarad, 
A.  H.,  U.  a  Patent  1,359,067,  Not.  10,  1920. 

1  SUssano.  E.,  and  Petinot,  N..  U.  8.  Patent  1,093,494,  Apr.  14,  1914.  • 

'Schmels,  E.  M.,  Electric  furnace  for  medium  temperature:  Trans.  Am.  Inat.  Metals, 
vol.  8,  1914,  p.  261. 
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Draft.  Furnace  G>.  Two  graphite  electrodee  at  an  angle  of  about 
120°  entered  through  holes  cut  in  the  shell ;  they  were  protected  by 
water  coolers  outside  the 
dell  and  were  adjusted  by 
a  crude  device.  The  regu- 
lar fire-brick  lining  was 
first  coated  with  a  layer  of 
asbestos  cement  and  later 
with  a  mixture  of  mag- 
nesit«  and  alundum  cement. 
The  furnace  was  run  at 
about  35  kw.  On  eight 
heats  of  about  100  pounds 
each  of  yellow  brass  ingot, 
about  80  per  cent  zinc, 
poured  at  an  average  of 
1,050°  C.  {1^6"  F.)  the    "  " 

following  results  were  ob- 
tained :  804.5  pounds  were  charged;  775i  pounds  ingot  and  6|  pounds 
spillings  and  shot  reclaimed  from  slag  were  obtained— 762  pounds 
total,   a    net   loss    of   22| 
pounds,  or  2.B  per  cent. 

In  seven  heats  of  an  alloy 
of  about  78  per  cent  copper, 
18  per  cent  zinc,  and  4  per 
cent  lead,  poured  at  about 
1,100=   C.   (2,000°  F.),  686 
pounds  ingot  were  charged, 
655J  pounds  ingot  poured, 
and  14  pounds  metal  recov- 
ered   from    spilliogs    and 
slag — total  669^  pounds,  a 
net  loss  of  16j  pounds,  or 
2.4  per  cent.     The  use  of 
salt,  glass,  etc,  for  a  slag 
seemed  to  have  no  meas- 
'   urable    effect   in    reducing 
the  los& 
The    furnace    was    kept 
nsou  27,— pi»n  i>t  uicee-phase  sumsdo  steel    tightly   closed   while  run- 
ning, and,  although  metal- 
lic zinc  condensed  about  the  electrodes,  in  the  furnace  walls,  and 
in  the  pouring  spout,  no  fume  escaped,  save  that  sometimes  to- 
ward the  end  of  a  run  the  pressure  of  zinc  vapor  became  strong 
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enough  to  blow  out  the  luting  about  the  spout  plug.  At  such  times 
or  when  the  spout  was  opened  to  pour,  a  hissing  stream  of  zinc 
vapor  would  shoot  out  of  the  spout  for  several  feet. 

In  order  to  avoid  loss  from  this  cause,  the  temperature  of  the 
melt  was  judged  by  the  readings  of  a  pyrometer  situated  in  the 
furnace  wall  and  separated  from  the  charge  by  about  one-half  inch 
of  refractory.  This  reading,  of  course,  showed  a  temperature  lower 
than  the  actual  temperature  of  the  metal,  and  only  approximate 
eidirapolation  to  the  true  temperature  was  possible. 

In  attempting  to  melt  yellow  brass  borings  many  difficulties  were 
encountered.  In  order  to  keep  the  borings  well  away  from  the  arc 
only  56.6  pounds  (oil-free  basis)  were  charged  in  one  heat  into  the 
furnace  warm  from  a  previous  heat,  though  the  furnace  would  hold 
over  100  pounds  of  metal,  and  the  furnace  was  tilted  slowly  back 
and  forth  at  the  end  of  the  heat  in  the  hope  of  stirring  the  melt. 
When  the  pyrometer  in  the  hearth  read  900**  C,  which  corresponded 
to  about  1,040**  C.  in  the  metal  itself,  the  furnace  was  opened. 
Though  the  bottom  of  the  melt  was  hardly  hot  enough  to  pour,  the 
top  was  boiling  violently,  and  on  it  was  much  line,  powdery  dross. 
Only  46.25  pounds  of  ingot  were  obtained,  or  about  18  per  cent  gross 
loss ;  5.5  pounds  of  dross  containing  about  90  per  cent,  or  5  pounds, 
metallics  were  recovered,  bringing  the  net  loss  down  to  9^  per  cent. 

The  original  borings  contained  61.4  per  cent  copper,  34.9  per 
cent  Zn.,  3.7  per  cent  Pb.,  and  the  ingot  analyzed  68.5  per  cent  cop- 
per, 28J2  per  cent  Zn.,  3.3  per  cent  Pb. 

Another  heat  of  100  pounds  of  borings  (97.5  per  cent  metallic, 
oil-free  basis)  with  3|  pounds  salt  for  slag  gave  80^  pounds  ingot 
and  Hi  pounds  metal  from  slag,  a  gross  loss  of  about  18  per  cent 
and  a  net  loss  of  nearly  6  per  cent,  with  the  same  difficulties  as  to 
surface  overheating  and  nonuniformity  of  temperature  as  before. 

As  no  watthour  meter  had  been  installed,  accurate  figures  of  power 
consumption  were  not  obtained.  No  runs  were  made  on  red  brass 
because  in  1913  the  prices  of  fuel  and  crucibles  were  so  low  that 
the  field  of  electric  furnace  seemed  limited  to  yellow  brass,  where 
reduction  of  metal  losses  might  bring  the  total  cost  of  electric 
melting  below  that  of  melting  with  fuel.  On  yellow  brass  the 
indirect-arc  furnace  showed  metal  losses  equaling  or  exceeding 
those  of  fuel-fired  furnaces,  and  hence  did  not  seem  suitable,  at 
least  without  vital  modifications,  for  such  melting.  Without  modi- 
fication the  local  superheating  of  the  surface  of  the  metal,  direictly 
beneath  the  arc,  made  the  indirect-arc  furnace  of  little  use  for 
melting  alloys  high  in  zinc,  although  the  superheating  and  the  melt- 
ing losses  on  the  same  class  of  material  were  not  quite  as  bad  as  in 
the  direct-arc  t3rpe.  It  was  realized  that  if  an  indirect-arc  fur- 
nace were  greatly  underpowered,  so  that  the  rate  at  which  heat  was 
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generated  by  the  arc  was  very  low,  the  thermal  conductivity  of 
the  charge  might  more  nearly  keep  pace  with  the  generation  of 
heat,  and  surface  overheating  might  be  minimized.  But  such  an 
underpowered  furnace  would  be  thermally  inefficient,  its  power  con- 
sumption i)er  ton  of  metal  melted  would  be  high,  and  its  rate  of 
production  low,  so  that  its  use,  even  if  the  excessive  metal  loss  could 
be  thus  prevented,  would  not  be  economical.  The  use  of  a  number 
of  very  small  arcs  instead  of  one  large  one,  in  order  to  distribute 
the  source  of  heat,  is  possible,  but  tends  to  complicate  the  furnace 
and  to  increase  its  cost. 

KENNEBFELT  FTJBNACE. 

Only  one  stationary  indirect-arc  furnace,  the  Rennerfelt,'  has 
found  commercial  application  to  nonferrous  metals. 

According  to  Cone,*  out  of  148  Eennerfelt  furnaces  in  operation 
in  the  world  in  January, 
1920,  32  were  melting  non- 
ferrous  alloys,  8  of  these 
being  in  the  United  States 
and  Canada. 

The  Rennerfelt  furnace 
differs  but  slightly  in  prin- 
ciple from  the  Stassano 
furnace,  the  main  differ- 
ence lying  in  the  shape  of 
the  arc.  The  Stassano  is 
normally  a  three-phase  fur- 
nace, using  three  electrodes 
placed  120°  apart  and  at 
an  angle  of  some  15**  to  45*^ 
from  the  horizontal,  the 
three  electrodes  thus  point- 
ing   toward    the    center    of    ^^°""   28.—Arrangeiiient   of  connections  to  elec- 

'^  .      -,    .  trodes  of  Rennc^rfelt  furnace. 

the  furnace,  but  inclining 

slightly  downward.  The  arc  then  plays  from  any  one  electrode  to  the 
other  two,  forming  a  sort  of  Y  lying  on  its  side,  as  shown  in  figure  28. 
The  Rennerfelt  is  essentially  a  two-phase  three- wire  furnace,  the 
■  two-phase  current  being  taken  from  a  three-phase  line  by  the  Scott 
connection.  One  electrode  is  vertical  and  serves  as  a  common  return 
for  both  phases.  The  other  two  electrodes  are  horizontal  (or  in  some 
of  the  furnaces  are  movable  in  a  vertical  plane  so  that  they  may  be 

•Rennerfelt,  I.,  V.  8.  Patent  1,076,518«  Oct.  21,  1913;  Herlenins,  J.,  U.  S.  Patent 
1,338.681,  Apr.  27,  1920.  For  a  modification  see  Groeger,  U  C.  H.,  U.  S.  Patent 
1,888,914,  Mar.  16,  1920. 

*  Cone,  E.  F.,  The  status  of  tbe  electric  steel  Industry :  Iron  Age,  vol.  105,  1920,  p.  75. 
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at  an  angle  of  some  15^  above  or  below  the  horizcmtal).  The  arc 
plays  from  each  horizontal  electrode  to  the  vertical  electrode,  but 
the  mutual  repulsion  of  the  current  in  the  various  electrodes  throws 
the  arc  downward  so  that  it  has,  roughly,  the  form  of  a  fleur-de-lis. 
Thus  the  shadow  of  the  vertical  electrode  protects  the  center  of  the 
roof  from  the  direct  radiation  of  the  arc,  whereas  in  the  Stassano 
the  roof  is  open  to  this  radiation.  Therefore  the  roof  in  the  Ren- 
nerfelt,  other  things  being  equal,  lasts  longer  than  that  in  the 
Stassano.  Although  the  Bennerfelt  is  a  much  newer  furnace  than 
the  Stassano,  it  has  been  used  much  more  in  this  country  for  steel 
melting,  although  for  this  purpose  it  is  used  much  less  than  direct- 
arc  furnaces.  In  recent  Bennerfelt  steel  furnaces  the  side  electrodes 
are  capable  of  being  tilted  so  far  downward  from  the  horizontal 
that,  if  desired,  the  furnace  may  be  operated  with  a  ^^  free  burning  " 
arc — ^that  is,  as  an  indirect-arc  furnace — ^while  the  cold  charge  is 
melting  down,  thus  making  the  arc  stable  at  the  time  when  a  direct 
arc  is  unstable.  By  tilting  the  side  electrodes  downward  the  arcs 
may  thereafter  be  drawn  to  the  surface  of  the  bath,  the  furnace 
being  thus  finally  operated  as  a  direct-arc  furnace. 

Bunning  the  Bennerfelt  on  brass  in  this  way  would  result  in  worse 
superheating  of  the  surface  than  running  as  an  indirect-arc  furnace, 
and  the  tilting  of  the  electrodes  would  preferably  be  upward  in 
order  to  keep  the  arc  away  from  the  top  of  a  new  cold  charge. 
As  the  charge  melted  the  arc  might  be  lowered.  However,  this 
tilting  involves  the  maintenance  of  a  refractory  ball-and-socket  joint 
or  else  the  cutting  away  of  the  refractory  about  the  electrode  to 
allow  clearance,  thus  weakening  the  furnace  and  increasing  the  loss 
of  heat.  Most  of  the  furnaces  used  on  nonferrous  alloys  do  not 
have  this  complication,  and  its  value  for  such  use  is  questionable. 

The  early  furnaces  had  the  form  of  horizontal  cylinders,  but 
later  furnaces  are  usually  built  as  upright  cylinders,  as  shown  in 
Plate  XII,  A  (p.  204) ,  the  domed  roof  being  removable  for  easier 
maintenance. 

The  Bennerfelt  furnace  was  described  by  vom  Baur,"  who  claimed 
power-consumption  figures  of  168  kw.  h.  per  metric  ton  (153  per 
f-hort  ton)  on  red  brass  and  197  per  metric  ton  (179  per  short  ton)  on 
copper  and  less  than  160  per  short  ton  on  leaded  bearing  metal. 
These  figures  were  obtained  in  a  steel  furnace  hot  from  a  melt  of 
steel,  and  much  melting  was  done  by  stored  heat,  so  that  the  figures 
were  unduly  optimistic  and  have  not  been  attained  in  regular  opera- 
tion, as  might  be  expected  from  their  representing  about  100  per  cent 
of  the  theoretical  efficiency. 


■  vom  Banr,  C.  H.,  The  Reanerfelt  electrlc-siw  fomace :  Trans.  Am.  Electrochem.  Soc. 
▼ol.  20.  1916,  IK  407;  Renneffelt  electric  famaoe  operatloa:  Tmna.  Am.  SUectrocbem. 
Boc,  TOl.  31,  1917,  p.  87. 
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BWZDZ8K    DATA    OH    THE    REHVEBTELT    FVEVACaS. 

The  first  aocotint  of  the  operation  of  the  Bennerfelt  furnaces  on 
brass  was  given  in  1914,*  when  it  was  stated  that  in  a  hot  60-kw. 
furnace  209  pounds  copper  were  melted  in  30  minutes  at  the  rate  of 
290  kw.  h.  per  ton  and  164  pounds  of  60: 40  brass  (from  copper  and 
zinc)  in  20  minutes  at  the  rate  of  244  kw.  h.  per  ton.  According  to 
this  account  the  brass  was  of  excellent  quality  and  there  was  prac- 
tically no  loss  from  oxidation.  As  this  report  suggested  that  the 
furnace  was  applicable  to  yeUow  brass,  inquiry  was  at  once  made 
for  further  details.  The  reply  said  that  the  copper  was  first  melted, 
and  the  zinc  then  added  and  heated  for  seven  minutes,  and  that 
**  very  little  zinc  oxide  was  noticed  flying  around  the  furnace."  The 
charge  was  44.5  kg.  copper  and  30  kg.  zinc  The  alloy  obtained 
analyzed  38.1  per  cent  zinc.  On  the  assumption  that  there  was  no 
loss  of  copper,  the  zinc  in  the  alloy  amounted  to  27.4  kg.  aud  the  total 
weight  of  alloy  was  71.9  kg.,  a  loss  of  2.6  kg.,  or  3.6  per  cent. 

In  1916  some  further  information  was  obtained  on  the  operation 
of  a  50-kw.,  600-pound  furnace  at  the  Nordiska  Armatur  Co.  in 
Sweden.  The  power  consumption  (with  furnace  hot,  that  is,  24- 
hour  basis)  on  60 :  40  brass  made  from  copper  and  zinc  was  about  225 
kw.  h.  per  short  ton.  The  metal  loss  ran  from  6  per  cent  to  4  per  cent 
on  60 :  40  brass,  according  to  the  nature  of  the  diarge.  On  red  brass 
melted  by  the  Atvibaberg  Cow  thd  average  power  consumption  was 
365  kw.  h.  per  ton  and  the  metal  loss  under  1.5  per  cent. 

In  a  similar  furnace  running  at  about  65  kw.,  at  the  Svenska 
Metallverken,  the  power  required  to  melt  copper,  with  the  furnace 
fully  hot  at  the  start,  was  220  kw.  h.  per  ton,  but  if  the  metal  had  to 
be  superheated  (temperature  not  given)  it  took  340  kw.  h.  per  ton. 
The  gross  metal  loss  on  scrap  copper  was  under  1  per  cent  and  corre- 
sponded with  the  amount  of  ncmmetallic  present,  the  true  metal  loss 
being  practically  zero.  In  a  1,200-pound  furnace  on  a  run  of  254 
tons  the  average  power  consumption  on  pure  copper  was  365  kw.  h. 
per  ton,  but  this  probably  refers  to  24-hour  operation.  The  metal 
loss  was  0.86  per  cent,  no  deduction  being  made  for  dirt  on  the 
charge,  which  was  mainly  old  scrap.  The  electrode  consumption 
with  carbon  electrodes  was  10  pounds  per  ton,  but  it  is  stated  that  this 
would  be  halved  with  graphite  electrodes. 

The  furnace  was  reported  to  melt  copper,  bronze,  and  red  brass 
much  better  than  yellow  brass,  the  zinc  fumes  condensing  on  the  elec- 
trodes in  melting  yellow  metal  and  care  being  required  in  cleaning 
the  electrodes  from  time  to  time. 

As  experience  was  gained  with  the  furnace  its  agents  saw  that  it 
was  not  applicable,  under  American  conditions,  to  alloys  high  in  zinc, 

*  Anonymous,  A  small-sized  electric-arc  furnace :  Met.  and  Cbem.  Eng.,  vol.  12,  1914,  p. 
276. 
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and  in  their  advertising  literature  carefully  point  out  that  attempts 
to  melt  alloys  with  much  more  than  20  per  cent  zinc  are  not  desirable. 
Johnson  ^  has  shown  that  at  the  normal  pouring  temperatures  the 
pressure  of  zinc  Tapor  for  the  various  brasses  is  as  follows : 

Table  42. — Partial  pressures  of  zinc  vapor  for  different  hrasses. 

Alloy:  Partial  pressure 

of  Bine. 

Cu  60,  Zn  40 atmosphereB..  0. 78 

Cu  65.  Zn  35 do .  71 

Cu  70,  Zn  30 do .  66 

Cu  80,  Zn  20 do .  33 

On  account  of  the  high  volatility,  at  pouring  temperature,  of  zinc  in 
the  alloys  rich  in  zinc  it  is  obvious  that  not  much  local  overheating 
of  the  surface  will  be  needed  to  cause  a  large  loss  of  zinc,  and  that 
there  is  more  leeway  on  the  80 :  20  alloy.  Commercial  practice  with 
the  Rennerfelt  agrees  with  the  theory.  As  a  matter  of  fact,  even  on 
a  20  per  cent  zinc  alloy  the  loss  in  an  indirect-arc  furnace  is  higher 
than  in  other  types  of  furnaces  that  are  freer  from  surface  overheat- 
ing, and  the  operation  of  the  indirect  arc  furnace  is  troublesome. 

Notwithstanding  the  metal  loss,  the  furnace  has  been  used  in 
Sweden  on  alloys  high  in  zinc.  The  data  on  a  test  made  in  June, 
1919,  f oUow : 

XELTZVO  TXXXOW  BBA8B  XV  A  X.OW.POWnED  BSVHSBnXT. 

The  furnace  was  of  about  3,000  pounds  capacity,  operated  at  about 
100  volts,  and  had  a  225-kv.  a.  transformer.  The  power  input  was, 
however,  held  down  to  about  110  kw.  (93  to  127)  in  order  to  avoid 
surface  overheating  as  much  as  possible.  After  a  heat  was  poured  the 
charge  of  scrap  with  42  to  45  per  cent  zinc  was  charged,  pouring  and 
charging  taking  about  an  hour.  The  furnace  was  fully  hot  at  the 
beginning  of  the  test,  and  was  operated  23  hours  a  day,  not  being  run 
from  midnight  to  1  a.  m. 

Eight  heats  of  2,860  pounds  (2,750  pounds  scrap  plus  110  pounds 
zinc  added  at  the  end  of  the  heat),  or  11.44  tons,  were  melted  in  38 
hours  elapsed  time,  less  two  midnight  periods,  or  36  hours,  3,478 
kw.  h.  being  used,  or  304  kw.  h.  per  ton.  The  rate  of  production  was 
only  635  pounds  per  running  hour,  leaving  out  the  idle  hour  at  mid- 
night. The  electrode  consumption  was  4f  pounds  per  ton  of  metal 
melted;  5-inch  diameter  jointed  carbon  electrodes  with  graphite 
nipples  were  used.  The  power  factor  wat  about  85.  Cast  iron 
instead  of  copper  or  brass  water  coolers  were  used  about  the  elec- 
trodes, as  the  volatilized  zinc  deposits  on  the  nonferrous  coolers  and 
attacks  them. 

^Johnston,  J.,  The  volatility  of  the  constituents  of  brass:  Jour.  Am.  Inst.  Metnls,  Toi 
12.  1918,  p.  21. 
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The  net  metal  losses  are  given  as  2^  to  3  per  cent  on  the  metallic 
basis,  oil  and  dirt  on  the  charges  being  allowed  for.  To  2,750  pounds 
of  scrap  110  pounds  of  zinc,  or  4  per  cent  of  the  weight  of  the  scrap, 
are  added  to  compensate  for  the  volatilization  loss  and  maintain  the 
composition. 

Such  a  loss  is  greater  than  that  in  good  fuel-fired  crucible  practice 
in  American  rolling  mills.  Under  Swedish  conditions,  however, 
melting  yellow  brass  in  the  Bennerfelt  is  cheaper  than  in  fuel-fired 
furnaces,  even  at  the  low  power  input  used,  which  gives  a  low  rate 
of  production  and  a  high  power  consumption,  considering  that  the 
furnace  was  large,  the  melting  point  of  the  alloy  low,  and  the  furnace 
waif  operated  23  hours  a  day.  Probably  the  prices  of  zinc  and  of 
crucibles  do  not  differ  greatly  in  Sweden  and  in  the  United  States; 
but  at  the  time  of  this  test  coal  was  costing  $50  to  $75  per  ton  in 
Sweden  and  coke  was  correspondingly  high,  whereas  electric  power 
could  be  had  at  1  cent  or  less  per  kw.  h.  Melting  with  coke  there- 
fore cost  so  much  more  for  fuel  than  melting  with  electricity — say 
$15  to  $20  per  ton  of  brass  for  coke  melting  against  $3  per  ton  for 
electric  melting — that  the  loss  of  even  3  per  cent  more  zinc  or  60 
pounds  per  ton,  at,  say,  10  cents  per  pound,  or  $6,  was  far  more  than 
made  up  by  the  $12  to  $17  lower  cost  of  power  than  of  coke,  plus  the 
saving  through  elimination  of  crucibles. 

Under  American  conditions  melting  60:40  brass  in  a  stationary 
indirect-arc  furnace  would  be  decidedly  uneconomical.  A  firm  nor- 
mally melting  red  brass  in  such  a  furnace  could,  of  course,  make  an 
occasional  heat  on  an  alloy  high  in  zinc,  at  the  cost  of  some  extra 
metal  loss,  by  reducing  the  normal  rate  of  power  input  and  thus 
lessening  surface  overheating.  If,  however,  the  plant  were  to  pro- 
duce any  notable  proportion  of  alloys  high  in  zinc,  a  type  of  furnace 
giving  better  results  on  such  alloys  should  be  chosen. 

DATA  OK  A  lOO-KW.  BEVITERFELT  FTmKAOE  AT  OERLZHZ  BRASS  70TrNDBT. 

Through  the  courtesy  of  the  Gerline  Brass  Foundry  Co.  a  repre- 
sentative of  the  Bureau  of  Mines  was  allowed  to  watch  the  100-kw. 
Rennerfelt  furnace  in  operation  at  that  company's  plant  and  was 
given  full  data  on  the  first  117  heats  made  with  it  in  1917,  though 
metal  loss  determinations  had  been  made  on  some  50  heats  only. 

The  arcs  normally  operate  at  about  100  volts,  but  by  throwing 
switches  another  transformer  tap  can  be  used,  giving  70  volts.  Each 
phase  contains  a  two-coil  reactance,  and  by  switches  all,  half,  or  none 
of  the  reactors  may  be  used.  If  the  arcs  are  snappy  when  starting 
up  from  the  cold,  all  the  reactance  is  thrown  in;  with  the  furnace 
at  full  temperature  and  the  arcs  stable  it  is  all  cut  out.  The  power 
factor  varies  from  75  to  85. 
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The  furnace  shell  is  about  4^  by  4|  by  4  feet  high,  and  the  furnace 
tilts  on  large  hollow  trunnions,  through  which  the  side  electrodes, 
which  are  not  capable  of  vertical  adjustment,  enter  the  furnace  body. 
The  electrodes  are  graphite,  the  side  ones  being  2  inches  in  diameter, 
and  the  top  one,  which  is  the  conmion  return  for  both  phases  and 
hence  carries  more  current  than  the  side  ones,  being  3  inches  in  di- 
ameter. The  side  electrodes  carry  about  600  amperes  each,  in  normal 
operation.  By  means  of  rods  and  gears  the  side  and  top  electrodes 
are  all  regulated  by  handwheels  at  the  back  of  the  furnace,  from 
which  position  the  switchboard  and  meters  can  be  seen.  The  elec- 
trodes pass  through  water  coolers,  but  the  electrode  holders  them- 
selves are  not  water  cooled.  The  electrode  control  does  not  allow \he 
electrodes  to  be  drawn  completely  out  of  the  way  while  charging, 
but  the  electrode  holders  have  to  be  unscrewed  to  allow  the  electrodes 
to  be  pulled  back  out  of  the  way,  as  is  regularly  done  when  charing. 

The  furnace  holds  about  650  pounds  of  metal.  The  bottom  of  the 
hearth  is  10^  inches  below  the  horizontal  electrodes.  As  the  arcs  are 
deflected  downward,  the  tip  of  the  arc  flame  comes  rather  close  to 
the  surface  of  the  charge.  The  shell  is  lined,  first  with  1  inch  of 
asbestos,  within  which  is  a  4J-inch  layer  of  Woodland  fire  brick,  and 
within  this  a  2i-inch  layer  of  silica  brick  on  the  sides,  which  is  cov- 
ered by  the  rammed-up  material,  ganister  plus  a  cement  of  fine  silica 
sand  bonded  with  linseed  oil  and  water  glass,  that  also  forms  the 
bottom.  The  arched  roof  is  made  up  of  a  4|-inch  layer  of  clay- 
bonded  carborundum  brick,  covered  by  4^  inches  of  fire  brick.  The 
center  of  the  roof  is  not  lagged  above  the  fire  brick,  but  the  edges 
are  covered  with  infusorial  earth  brick  and  cement. 

A  15  by  15  inch  charging  opening  is  covered  by  a  sliding  door  of 
fire  brick  in  an  iron  frame,  which  is  wedged  up  to  tighten  it.  The 
pouring  spout  in  the  bottom  of  the  charging  opening  is  closed  by  a 
fire-brick  plug.  The  fiumace  is  kept  as  tightly  closed  while  running 
as  possible. 

This  furnace  is  used  on  jobbing  work  and  it  has  seldom  been  neces- 
sary to  force  the  furnace  to  its  maximum  production.  Often  the 
furnace  has  had  to  be  held  back  while  waiting  for  molds  to  be  put 
up,  and  smaller  charges  than  those  on  which  it  would  show  maximum 
efficiency  have  often  been  used.  It  has  been  operated  only  on  one 
shift  a  day,  usually  about  10  hours,  never  on  a  24-hour  basis.  The 
output  has  been  normally  from  1,500  to  2,500  pounds  a  day. 

The  first  117  heats  averaged  not  far  from  550  pounds  each,  or 
about  32  tons,  and  the  total  power  used  for  them,  including  all  pre- 
heating of  the  empty  furnace,  was  18,156  kw.  h.,  or  about  575  kw.  h. 
per  ton. 

From  the  results  obtained  in  regular  practice,  without  pushing 
the  furnace  to  its  limit,  it  seems  that  if  pushed  the  furnace  can  melt 
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on  10-hour  operation  about  3,500  pounds  of  red  brass  at  about  475 
kw.  h.  per  ton.  Though  so  small  a  furnace  would  probably  not  be 
used  for  24-hour  operation,  it  should  give,  if  operated  24  hours  a 
day,  with  no  unnecessary  delays,  nearly  5  tons  a  day  at  about  380 
kw.  h.  per  ton.  The  electrode  consumption,  exclusive  of  breakage, 
was  about  3J  pounds  per  ton.  Very  few  electrodes  were  broken 
when  operating  on  red  brass,  but  the  breakage  was  high  when  melt- 
ing an  alloy  of  20  per  cent  zinc.  The  carborundum  roof  appeared 
good  for  more  work  after  400  heats. 

The  furnace  has  been  used  on  a  few  heats  of  Monel  metal,  turn- 
ing out  500  pounds  in  four  hours,  at  the  rate  of  about  1,200  kw.  h. 
per  ton,  and  as  there  are  no  volatile  metals  in  Monel  metal  the  loss 
ranged  from  zero  to  one-tenth  of  1  per  cent.  Very  good  Monel  cast- 
ings were  made  from  metal  melted  in  the  furnace. 

Pure  copper  has  been  melted  in  the  furnace,  starting  hot,  at  the 
rate  of  500  kw.  h.  per  ton  and  with  a  loss  of  two-tenths  of  1  per  cent. 
On  16  heats  of  red  brass,  made  from  scraps,  gates,  ingot,  and  new 
metals,  in  which  8,669  pounds  were  melted,  8,469  pounds  ingot  or 
castings  were  recovered,  giving  a  gross  loss  of  2.3  per  cent,  iio 
deduction  being  made  for  metal  recoverable  from  slag  or  for 
spillings.  In  the  coke  fires  the  gross  loss  on  this  material  was  said 
to  be  about  4  per  cent. 

On  26  heats  of  "  half -yellow  half-red  " — ^that  is,  an  alloy  made  up 
of  half -red  scrap,  ingots,  or  gates  and  half -yellow  ingots,  the  mixture 
containing  20  to  22  per  cent  zinc — 13,689  pounds  were  melted  and 
13,347i  pounds  were  obtained,  giving  a  gross  loss  of  342J,  or  2.46 
per  cent.  The  gross  loss  in  melting  this  material  in  coke  fires  was 
given  as  4.5  per  cent.  On  three  heats  from  1,700  pounds  of  all  bor- 
ings (20  per  cent  zinc)  1,621  pounds  were  obtained,  a  gross  loss  of 
79  pounds,  or  4.6  per  cent.  On  two  heats  from  1,191  pounds  of  all- 
yellow  ingot  (about  86  to  40  per  cent  zinc)  1,071  pounds  were  ob- 
tained, the  furnace  being  rim  at  a  low  power  input  to  reduce  local 
overheating,  a  gross  loss  of  48  pounds,  or  4  per  cent.  The  loss  on 
this  in  coke  fires  is  given  as  3.5  per  cent. 

On  one  heat  of  all-yellow  borings  308  pounds  were  charged.  The 
furnace  could  not  be  held  tight,  though  the  power  input  was  kept 
down  to  60  kw.,  and  a  flame  3  feet  long  shot  from  the  furnace 
throughout  the  latter  part  of  the  heat.  Only  153  pounds  ingot  could 
be  poured  from  this  heat,  the  rest  of  the  metal  being  volatilized  or 
coming  out  as  powdery  dross. 

Even  on  the  20  per  cent  zinc  alloy,  melting  half-red  scrap  and  half - 
yellow  ingots,  there  was  much  trouble  from  zinc  vaporizing,  con- 
densing on  the  electrodes  and  making  them  stick  in  the  furnace  walls 
or  water  coolers,  so  that  they  could  not  be  adjusted.  In  taking  them 
out  to  clean  them  from  the  zinc  deposit  much  time  was  lost,  and  in 
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18  consecutive  heats  on  the  20  per  cent  zinc  alloy  nine  electrodes 
were  broken.  The  Gerline  Co.  states  that  the  furnace  does  wonder- 
ful work  on  Monel  metal,  excellent  work  on  copper  and  red  brass, 
works  satisfactorily,  all  things  considered,  on  the  20  per  cent  zinc 
alloy,  but  the  company  would  not  reconunend  it  ^^  under  any  cir- 
cumstances or  to  anyone  '^  for  yellow  brass.  On  one  heat  of  an  alloy 
high  in  lead  the  last  few  castings  from  the  last  ladle  were  said  to  be 
nearly  pure  lead,  but  it  was  also  stated  that  this  trouble  could  be 
largely  overcome  by  careful  stirring.  In  general,  the  quality  of  the 
metal  is  just  as  good  as  that  from  pit  fires,  and  on  account  of  the 
high  prices  of  crucibles  in  1917  the  Gerline  Co.  was  of  the  opinion 
that  the  melting  cost  was  decidedly  low.  Although  this  furnace  was 
very  satisfactory,  it  has  not  been  operated  recently  because  the  cen- 
tral station  supplying  power  has  been  too  heavily  loaded  to  carry 
even  this  small  furnace. 

OTHEB  BEHVEBFELT  FmUTAOXS  TX  tTBE. 

A  Rennerfelt  furnace  of  one  of  the  older  types  of  about  600  to 
800  capacity,  90  kw.,  was  installed  by  Titanium  Bronze  Co.  a 
couple  of  years  ago,  but  its  installation  was  delayed.  The  furnace 
was  said  to  be  not  well  arranged  mechanically  and  melting  practice 
at  this  plant  became  established  in  oil;  the  electric  furnace  was  used 
only  on  a  few  trial  heats  and  never  thoroughly  tested.  Another 
Bennerfelt  of  1,000  pounds  capacity,  as  well  as  a  Snyder  of  similar 
capacity,  are  installed  at  the  laboratory  of  the  Chile  Exploration 
Co.,  New  York  City,  but  both  are  used  for  purely  laboratory  pur- 
poses on  many  materials,  not  for  regular  production. 

Small  Rennerfelts  are  also  installed  for  laboratory  or  test  pur- 
poses only  at  the  Driver-Harris  Co.,  Haynes  Stellite  Co.,  and  General 
Chemical  Co.  The  Haynes  Stellite  Co.  says  that  its  furnace  is  not 
considered  very  satisfactory. 

A  small  Rennerfelt  was  in  use  at  the  Acieral  Co.'s  plant  for 
making  "  hardeners  ^  for  use  in  aluminum  alloys  before  that  plant 
was  closed,  and  that  furnace  has  been  installed  for  a  similar  purpose 
at  the  Bausch  Machine  Tool  Co.,  Springfield,  Mass. 

A  1,000-pound  Rennerfelt  has  been  installed  by  the  Hardite  Metals 
Co.,  Long  Island  City,  N.  Y.,  for  use  on  nickel-chromium  alloys.* 

PSBTOUCAVOB   07  BENVBBnLT  FITltirAOE  AT  FEUiAOSLPBIA  KZVT. 

In  July,  1917,  a  1,000-ponnd,  125-kw.,  110-volt  Rennerfelt  began 
operation  at  the  Philadelphia  Mint.  The  director  of  the  mint  •  has 
published  some  data  on  the  operation  of  the  furnace  and  has  kindly 

•  Cone,  K.  F..  status  of  the  electric  steel  induBtry  :  Iron  A«p,  toI.  107,  1921,  p.  69. 

*  Bak(>r.  R.  T..  Annual  report  of  the  director  of  the  mint  for  the  fiscal  year  ending 
June  30,  191S:  Treas.  Dept.  Doc.  No.  2822,  p.  11. 
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furnished  other  information  which  is  included  below.  The  furnace 
usually  ran  24  hours  a  day,  and  in  some  50  weeks  of  regular  oper- 
ation produced  over  1,300  tons  of  ccJinage  alloys — cupronickel, 
bronze,  and  silver.  The  average  power  consumption  per  net  ton  of 
product  in  this  period  was  600  kw.  h.  for  cupronickel,  300  for  bronze, 
and  200  for  silver,  these  figures  including  all  operation,  whether  on 
one  8-hour  shift  or  on  24-hour  operation. 

CUPBONICKEL.. 

On  cupronickel,  which  is  75  per  cent  Cu  and  25  per  cent  Ni,  a 
typical  24-hour  run  shows  10  hejits  of  1,000  pounds,  or  5  tons  melted 
at  440  kw.  h.  per  ton.  On  8-hour  operation,  three  heats,  IJ  tons  can 
be  made  at  650  kw.  h.  per  ton. 

The  net  metal  loss  on  cupronickel  is  one-fourth  of  1  per  cent. 
While  there  are  no  volatile  metals  in  this  alloy  to  be  lost  by  vaporiza- 
tion, in  order  to  get  the  best  quality  of  metal  it  is  essential,  notwith- 
standing that  the  atmosphere  of  the  furnace  may  generally  be  reduc- 
ing, to  keep  the  furnace  tightly  closed  against  the  entrance  of  air. 

It  was  thought  that  the  heat  loss  and  the  oxidation  due  to  double 
pouring  made  desirable  rigging  the  furnace  to  pour  direct  into 
the  bar  molds,  though  a  ladle  with  a  "  teapot "  spout  helped  some- 
what. It  was  decided  that  Rennerfelt  furnaces  to  be  installed  there- 
after at  the  mint  should  have  automatic  electrode  control  and  should 
be  built  to  tilt  around  the  spout  for  direct  pouring. 

The  cupronickel  melts  proved  to  be  homogeneous  without  stirring, 
as  in  this  alloy  both  components  are  mutually  soluble  and  have  no 
tendency  to  segregate. 

The  melting  cost  on  cupronickel  is  given  as  $9.45  per  net  ton,  which 
is  less  by  50  per  cent  than  the  cost  in  gas-fired  crucible  furnaces. 

COINAGE  BBOmOEL 

On  coinage  bronze,  which  is  95  per  cent  Cu  and  5  per  cent  Sn  and 
Zn,  about  4  per  cent  Sn  and  1  per  cent  Zn,  a  typical  24-hour  run  shows 
12  heats  of  1,065  pounds  each,  or  about  6^  tons  melted  at  325  kw.  h. 
per  ton. 

On  8-hour  operation  the  output  is  about  3,500  pounds  at  400  kw.  h. 
per  ton.  The  metal  losses  seem  to  run  slightly  higher  than  the  0.3  per 
cent  loss  regularly  obtained  in  the  mint  crucible- furnace  practice, 
going  up  to  one-half  or  three- fourths  of  1  per  cent,  perhaps  owing  to 
greater  volatilization  of  zinc,  but  it  is  thought  that  with  experience 
this  can  be  kept  down  to  the  0.3  per  cent  figure.  Such  a  figure  in 
either  type  of  furnace  would  hardly  be  obtained  in  ordinary  foundry 
practice ;  it  was  obtained  at  the  mint  because  of  the  workmen's  skill, 
gained  by  working  on  the  precious  metals,  in  saving  every  drop  or 

6S723**— 22 ^14 
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scrap  of  metal.    The  mint  considers  that  the  furnace  would  give  an 
excessive  loss  of  zinc  on  high-zinc  alloys. 

No  trouble  is  experienced  in  getting  a  homogeneous  product  on 
coinage  bronze,  and  even  coinage  silver  (90  parts  Ag  and  10  parts 
Cu)  has  shown  uniformity  in  samples  takes  from  top  and  bottom  of 
the  melt.  No  segregation  would  be  exi)ected  in  the  bronze  alloy, 
though  the  handling  of  coinage  silver  to  avoid  segregation  is  more 
of  a  task. 

The  furnace  roof  and  lining  was  silica  brick;  outside  the  9-inch 
silica  brick  on  the  sides  is  2|-inch  fire  brick,  then  1-inch  asbestos 
cement.  The  hearth  is  of  ganister  bonded  with  water  glass.  The 
life  of  the  lining — 1,277  heats  for  the  furnace  body  and  800  to  1,000 
heats  for  the  roof — is  amazingly  good  in  view  of  the  pouring  tem- 
peratures of  cupronickel,  the  material  chiefly  melted. 

The  long  life  of  the  silica  roof  is  doubtless  due,  in  part  at  least,  to 
the  furnace  having  been  normally  run  24  hours  a  day  and  never 
allowed  to  cool  unless  repairs  were  to  be  made. 

On  all  of  the  alloys  melted  the  mint  figures  a  saving  of  40  per 
cent  in  melting  cost  over  former  fuel-fired  practice.  The  output 
per  furnace  tender  was  doubled  over  that  from  crucibles. 

In  a  later  report*®  of  the  director  of  the  mint  further  data  on  the 
operation  of  the  1,000-pound  Rennerfelt  are  given.  In  melting 
silver  coin  the  furnace  handled  18,000  pounds,  or  9  tons,  in  24  hours. 
In  melting  1,585  tons  of  silver  coin  the  average  power  consumption 
was  177.4  kw.  h.  per  ton,  24-hour  operation,  the  cost  for  electric 
power  per  ton  being  over  60  per  cent  less  than  the  corresponding 
cost  of  gas  per  ton  for  melting  in  crucible  furnaces.  The  furnace  did 
not  require  either  relining  or  a  new  roof  during  the  3,191  heats  re- 
quired to  melt  the  1,585  tons  of  silver  coin.  The  metal  losses  in  melt- 
ing silver  coin  were  approximately  one-tenth  of  an  ounce,  per  1,000 
ounces,  one  part  in  10,000,  or  0.01  per  cent,  a  most  remarkable  figure 
and  one  lower  than  is  obtained  in  crucible  melting.  The  director  of 
the  mint  says :  "  This  is  due  to  the  fact  that  the  furnace  construction 
and  the  absence  of  flue  prevent  metal  from  going  up  the  chimney, 
and,  too,  the  method  of  pouring  is  cleaner  and  fewer  mechanical 
losses  are  suffered." 

After  melting  the  run  of  silver  coin  the  original  1,000-pound  fur- 
nace was  replaced  by  another  having  automatic  electrode  control  for 
the  side  electrodes  and  tilting  on  the  lip  for  direct  pouring  into 
molds.  This  furnace  ran  286  heats  of  cupronickel,  one  heat  of  pure 
copper  made  to  clean  out  traces  of  nickel,  and  445  heats  of  coinage 
bronze,  or  a  total  of  732,  when  it  was  shut  down  until  the  installation 

»  Baker,  R.  T.,  Annual  report  of  the  director  of  the  mint  for  the  fiscal  year  ending 
June  30.  1919 :  Treaa.  Dept.  Doc.,  No.  2849,  p.  12 ;  see  alBo  Coleman,  H.  D.,  Melting  in  a 
Rennerfelt  electric  fomace :  Metal  Ind.,  voL  18,  1920,  p.  406. 


IKDIBECT-ARC  FURNACES.  199 

of  another  similar  furnace  of  1-ton  capacity,  as  shown  in  Plate  X,  A 
(see  p.  148) ,  was  complete.  Another  1,000-pound  furnace  was  ordered 
for  the  San  Francisco  Mint.  The  electrode  consumption  is  2^  to  4 
pounds  per  ton  of  metal  melted,  depending  on  the  character  of  the 
charge.  Though  a  week's  run  demonstrated  that  the  lip-pouring 
device  allowed  pouring  direct  into  molds  with  precision,  it  was  con- 
cluded that  ladle  pouring  gave  better  ingots  and  was  more  practical. 
A  200-pound  ladle  is  put  on  a  car,  rolled  under  the  spout,  filled,  and 
pulled  to  the  molds,  where  it  is  lifted  in  a  shank  and  hung  in  a  bail 
on  a  hoist,  the  metal  then  being  poured  into  molds  resting  on  a 
turntable.  Use  of  larger  ingot  molds,  being  poured  simultaneously, 
and  of  larger  ladles  are  to  be  tried  to  shorten  the  pouring  time. 

The  makers  of  the  Rennerfelt  furnace,  however,  state  that  the 
casting  table  or  device  by  which  the  molds  are  spotted  in  front  of 
the  spout  did  not  work  very  well,  retarded  pouring  too  much,  and 
kept  the  spout  open  too  long.  They  consider  nose  tilting  desirable 
if  the  furnace  can  be  emptied  very  rapidly. 

As  the  work  at  the  mint  demands  the  highest  quality  of  product, 
this  point,  as  well  as  the  mint's  conclusion  that  the  furnace  must  be 
tightly  closed  to  prevent  oxidation  and  the  resultant  lowered  qual- 
ity of  product,  deserve  close  consideration  by  users  of  electric  fur- 
naces. The  Gorham  Mfg.  Co.,  Providence,  R.  I.,  has  installed  a 
Eennerfelt  for  melting  silver. 

PEBFOUCAVOX  OF  BEITNE&FELT  FintVAOBB  ON  UBADED  BEAJtZKQ  BBOVZE. 

Besides  the  Snyder  furnaces,  the  Chicago  Bearing  Metal  Co. 
operated  two  300-kv.  a.,  1-ton  capacity  Eennerfelt  furnaces  on 
leaded  bronze,  70  to  75  per  cent  Cu,  15  to  20  per  cent  Pb,  about  6 
per  cent  Sn,  balance  Zn,  Sb,  Fe,  etc.  The  furnaces  take  current  at 
100  to  110  volts.  In  a  test  of  these  furnaces  in  1917  in  130  heats 
the  average  power  consumption  was  about  285  kw.  h.  per  ton  on 
20-hour  operation,  and  from  the  data  full  24-hour  operation  should 
give  a  figure  of  about  270  kw.  h.  per  ton.  The  output  was  lower 
than  that  from  the  Snyder  furnaces,  10  to  11  tons  being  obtained  a 
day.  The  rate  of  power  input  to  the  Snyder  furnaces  was  con- 
siderably higher  than  that  to  the  Eennerfelts.  The  metal  losses 
seemed  to  be  somewhat  lower  than  in  the  Snyders. 

The  Eennerfelt  furnaces  had  loosely  fitting  water-cooled  bronze 
sleeves  about  the  side  electrodes  at  the  entrance  to  the  furnace,  the 
side  electrodes  being  3-inch  diameter  graphite  and  the  top  one  4-inch 
diameter.  Trouble  was  encountered  from  deposition  within  these 
sleeves  of  metallic  zinc,  or  zinc  oxide,  and  lead  and  antimony  or  their 
oxides.  Then  the  electrodes  would  bind,  and  as  the  electrode  sup- 
ports and  adjusting  mechanism  were  not  very  rigid,  a  twisting  stress 
was  set  up  and  the  electrodes,  especially  the  side  or  3-inch  electrodes, 
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broke  easily.  The  actual  electrode  consumption  ran  at  about  5| 
pounds  per  ton  of  metal  melted,  plus  about  2  pounds  per  ton  more 
lost  by  breakage.  Damage  to  the  water  coolers  was  also  common. 
Hence  early  in  1918  the  use  of  the  water  coolers  was  abandoned  and 
the  electrodes  passed  through  large  holes,  about  6  by  8  inches,  in 
the  furnace  walls.  This  cut  down  the  sticking  of  the  electrodes, 
but  made  them  oxidize  more  readily,  the  joints  became  weak,  and 
the  electrode  consumption  increased  greatly,  being  nearly  three 
times  as  much  the  first  month  after  the  change  as  it  was  before. 
In  57  heats  watched  by  a  representative  of  the  bureau  in  1918,  two 
months  after  the  coolers  were  eliminated,  33  electrode  sections  had  to 
be  added  because  of  breakage,  usually  at  the  joint,  which  had  been 
weakened  by  burning.  The  broken  sections  were  not  always  a  total 
loss,  but  had  to  be  rethreadexi  into  shorter  sections. 

The  electrode  consumption  has  since  been  reduced  by  using  4-inch 
electrodes  on  the  sides  as  well  as  on  the  top,  these  electrodes  being 
large  enough  to  withstand  the  burning  of  the  joints  without  becoming 
excessively  fragile. 

The  Rennerfelt  furnaces  are  lined  with  the  same  mixture  of  car- 
borundum fire  sand,  fire  clay,  and  molasses  as  the  Snyders,  and 
have  fire-brick  roofs.  At  present  the  hearth  lasts  about  400  heats 
of  1,500  pounds  each  and  the  roof  100  to  180  heats,  on  8-hour,  one- 
shift  operation.  While  on  20-hour  operation  in  1918  the  cost  of 
materials,  labor  not  included,  for  Rennerfelt  roofs  and  linings,  dur- 
ing the  melting  of  816  tons,  three-months'  output,  two  fum&ces,  aver- 
aged 60  cents  per  ton.  The  lining  life  at  that  time  was  not  as  good, 
on  the  basis  of  tons  melted,  as  in  the  Snyder,  whereas  the  later  figures, 
given  above,  show  it  to  be  slightly  better. 

Used  with  large  openings  about  the  electrodes  the  Rennerfelt 
furnace  can  not  be  kept  tight,  and  in  this  condition  gives  off  as  much 
f lune  as  the  Snyder.  The  metal  losses  in  tests  of  Rennerfelts^  oper- 
ated open,  were  somewhat  below  those  reported  in  tests  of  the  Sny- 
ders ;  18  heats  of  1  ton  each  gave  35,043  pounds  of  metal  and  some 
650  pounds  slag,  from  which  about  160  pounds  metal  would  be  re- 
covered ;  the  gross  loss  on  36,000  pounds  was  957  pounds,  or  2J  per 
cent,  and  the  net  loss  about  800  pounds,  or  2^  per  cent  No  account 
is  here  taken  of  dirt  or  other  nonmetallic  in  the  charge,  but  it  was 
thought  that  the  charge  to  the  Rennerfelts  in  the  1918  tests  was  a 
little  cleaner  than  that  to  the  Snydera  Though  the  true  difference 
between  the  net  metal  losses  in  the  Snyders  and  the  Rennerfelt,  both 
operated  unsealed  and  open  at  spout  and  electrodes,  may  not  be  in 
favor  of  the  Rennerfelt  quite  as  much  as  the  test  figures — 4.5  per  cent 
Snyder,  2.25  per  cent  Rennerfelt — it  is  believed  that  the  Rennerfelt 
has  a  lower  metal  loss  than  the  Snyder. 
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In  the  1918  tests  the  Eennerfelts  were  giving  only  seven  to  eight 
1-ton  heats  in  19  to  20  hours,  while  the  Snyders  were  giving  13  heats 
of  the  same  weight  in  the  same  time.  The  Snyder  power  consmnption 
was  only  about  280  kw.  h.  per  ton,  whereas  the  Rennerfelts  on  57  1-ton 
heats  used  18,860  kw.  h.,  or  about  330  kw.  h.  per  ton-  On  a  full  24- 
hour  schedule  the  Sny<}ers  seemed  capable  of  melting  at  265  kw.  h. 
per  ton  and  the  Rennerfelts  seemed  capable  of  melting  at  300  kw.  h. 
per  ton. 

Several  factors  contribute  to  the  lower  output  and  higher  power 
consumption  of  the  Rennerfelts.  The  Snyders  could  be  charged 
more  rapidly  on  account  of  their  suitability  "for  mechanical  charging, 
but  the  Rennerfelts  have  to  be  charged  by  hand.  The  use  of  small 
unoooled  electrodes  and  the  consequent  Iogb  of  time  from  excess 
breakage  handicapped  the  Rennerfelt,  and  in  that  furnace  much  heat 
was  lost  about  the  electrode  openings.  The  greatest  factor  in  the 
relative  slowness  of  the  Rennerfelts  was,  however,  the  low  rate  of 
power  input,  the  Rennerfelts  being  run  at  about  200  kw.  and  the 
Snyders  averaging  310  kw. 

The  power  factor  of  the  Rennerfelts,  however,  was  satisfactory, 
being  around  76  on  the  60-cycle  current  used,  whereas  that  of  the 
Snyders  is  much  lower. 

Much  better  results  as  to  rate  of  production  were  later  obtained 
with  the  Rennerfelt  furnaces,  after  the  electrodes  were  all  made  4 
inches  in  diameter,  and  after  adopting  the  plan  of  basing  the  pay 
of  furnace  tenders  on  a  certain  number  of  heats  instead  of  paying 
by  the  hour.  This  plan  has  cut  about  two  hours  off  the  running 
time,  the  furnaces  being  operated  one  shift  only  during  most  of 
1919,  because  the  furnace  tenders  hold  a  much  higher  power  input 
than  before,  take  more  care,  and  are  less  likely  to  break  electrodes 
when  responsible  for  the  time  lost  in  replacing  them.  One  negro 
furnace  tender  takes  care  of  one  furnace. 

Care  is  taken  to  pour  the  metal  from  the  furnace  as  soon  as  it  is 
ready,  pouring  taking  10  minutes.  Charging  is  still  done  by  hand, 
as  the  Rennerfelt  furnace  is  not  suited  to  mechanical  charging.  Two 
men  charge  in  five  minutes. 

Eight  1,500-pound  heats,  or  6  tons,  are  now  obtained  in  a  trifle 
over  eight  hours.  In  49  days  one  furnace  made  394  heats,  296J  tons, 
in  395^  hours ;  the  other  made  390  heats,  292  tons,  in  400^  hours,  or 
a  total  of  688  tons  in  796  hours,  or  about  1,500  pounds  per  hour.  The 
power  consumption  in  8-hour  operation,  hand  control,  was  about  320 
kw.  h.  per  ton.  These  figures  show  a  lower  output  and  a  slightly 
higher  power  consumption  than  by  the  Snyder  and  are  accounted 
for  by  the  transformers  at  the  Rennerfelt  furnaces  being  rated  at 
300  kv.  a.,  whereas  those  at  the  Snyders  are  rated  at  700  kv.  a.  The 
Rennerfelt  transformers  overheat  at  a  rate  of  power  input  to  the 
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furnaces  that  will  give  one  1,500-pound  heat,  including  pouring  and 
charging,  per  hour  at  320  kw.  h.  per  ton,  and  the  attempt  to  maintain 
so  high  a  rate  of  production  was  deemed  unsafe.  If  pouring  and 
charging  take  15  minutes,  if  the  power  is  on  45  minutes  per  heat,  and 
240  kw.  h.  are  used,  then  the  average  power  input  is  320  kw. ;  at  75  per 
cent  power  factor  this  input  is  over  425  kv.  a.  instead  of  the  300  kv.  a. 
at  which  the  transformers  are  rated.  It  was  thought  that  if  auto- 
matic electrode  controls  were  installed  on  the  Rennerfelts  one  fur- 
nace tender  could  operate  both  furnaces. 

Prices  quoted  on  Rennerfelt  furnaces,  including  transformers, 
meters,  etc.,  in  February,  1920,  were  as  follows,  for  60-cycle  current : 

Table  43. — Prices  of  Rennerfelt  fumctcea. 


Type. 


o... 

lA... 
UB.. 
IVA. 

VA.. 


Capacity. 


300  to  600  pounds. 

1,000  pounds 

litons 

8to4ton9 

StoOtons. 


Kv.  a. 


100 

isotoaoo.... 

300  to  500.... 
800  to  1,200.. 
1,400  to  1,800. 


Price. 


S5  380. 
Sl^OOO. 

S16,C00  to  120,000. 
S2B,000  to  930,000. 
$35,000  to  $46,000. 


Type  O  is  hand  controlled ;  all  the  others  have  automatic  electrode 
control.  At  the  prices  quoted  types  O,  lA,  and  IIB  have  central 
trunnions.  Types  IVA  and  VA  are  set  on  rockers.  Types  O  and  lA 
are  tilted  by  hand,  the  rest  by  motor. 


,  OB  VOK  SCHLEGELL  BEPELLIHO-ABC 
FT7BNACE. 

A  recent  development  is  the  von  Schlegell  "  repelling-arc "  fur- 
nace,^* manufactured  by  the  Ee-pel-arc  Furnace  Co.,  of  Indianapolis, 
which  can  be  operated  either  as  a  direct-arc  or  an  indirect-arc  fur- 
nace. Figure  29  shows  a  schematic  diagram  of  the  furnace.  Hie 
furnace  is  normally  thi*ee-phase  (though  single-phase  current  with 
two  electrodes  can  be  used)  and  is  designed  fo'r  220  volts.  The 
electrodes,  instead  of  hanging  vertically,  are  supported  on  pivots 
and  supplied  with  counterweights,  so  that  when  no  current  is  on 
the  three  electrodes  hang  at  slight  angles,  touching  at  their  tips. 
When  the  current  is  thrown  on,  the  repulsive  action  due  to  the  cur- 
rent flow  moves  the  electrodes  apart,  thus  starting  the  arc.  Simi- 
larly, if  the  arc  is  broken  while  the  current  is  on  it  will  restart 
itself.  The  length  of  the  arc,  and  hence  the  power  input,  is  regu- 
lated by  the  position  of  the  counterweights.  The  arc  is  therefore 
largely  self-regulating. 

>^Von  Schlegell,  F.,  Electric  furnace  with  repelling  arc:  Iron  Age,  yoL  106»  1020*  p. 
1556;  MeUl  Industry  (London),  vol.  18,  1921,  p.  23;  U.  S.  Patent  1^52,G4l,  Sept.  14« 
1920. 


mDIREOT-ABO  FOENACBS. 


If  the  cluster  of  electrodes  is  placed  so  far  above  the  charge  that 
the  arc  path  from  one  electrode  tip  to  another  is  shorter  than  that 


iUag   welcbt ;   b, 

d,  electrodes ;  e, 

■  dnmi  between 

I,  tuua  moving  MUBer  ot  tempenture 


from  one  tip  to  the  bath  and  back  to  another  tip,  the  arcs  will  be 
drawn  among  the  electrodes,  and  the  furnace  will  operate  as  an 


v« 
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indirect-arc  furnace.  If  the  electrode  cluster  be  lowerodf  V 
the  electrode  tips  are  close  to  the  bath,  the  arcs  will  be  drawn  ^itte 
path  and  the  furnace  will  operate  with  a  direct. arc.  If  th6.jdec- 
trodes  bum  off  evenly,  so  tiiat  independent  adjustment  of  each  ifec- 
trode  can  be  dispensed  with,  this  scheme  may  prove  a  simple  m^jthod 
of  direct-arc  furnace  operation.  The  electrode,  of  graphite,  m$^  be 
held  above  the  charge  to  give  an  indirect  arc  while  the  chaqpo  is 
melting  and  be  lowered  to  give  a  direct  arc  when  the  chaife  is 
melted.  The  electrode  cluster  is  termed  by  its  inventor  ^an  dec- 
trie  torch,"  since  the  arc  is  thrown  down  from  the  electrode  tips 
something  after  the  fashion  of  the  Rennerf elt  fleur-de-lis  arc,  ipd  it 
is  pointed  out  that  this  torch  contains  all  the  electrical  parts  off  the 
furnace,  the  balance  being  merely  the  hearth  and  shell.  By  placing 
two  shells  side  by  side,  as  shown  in  Plate  XIII,  A  and  5,  one  for- 
nace  can  be  heated  while  the  other  is  being  poured  and  recharged.  A 
gas  or  oil  flame  could  be  used  to  preheat  one  furnace  charge  iAbIb 
the  other  is  being  electrically  heated.  '  ,. 

On  red  brass,  86 : 5 : 5 : 5,  half  heavy  scrap,  half  borings,  MNP 
heats  of  800  pounds  were  made  in  a  day.  The  furnace  waa^H^ 
heated  half  an  hour  before  charging.  Three  hundred  and  seiifHIf- 
five  kw.  h.  were  used,  including  the  preheat,  and  2,112  poi 
metal  melted ;  that  is,  the  furnace  ran  at  the  rate  of  357  kw.  lui] 
ton.  Electrode  loss  was  about  3  pounds  per  ton.  No  data  are 
on  the  life  of  the  "sleeve  "  about  the  electrode.  The  time  for 
averaged  one  hour,  of  which  five  minutes  were  spent  in  charginjMid 
pouring.  It  takes  one  and  one-fourth  hours  per  heat  on  mlffA 
metal.  In  another  run  on  red  brass  half  ingot,  half  scrap,  11  |i||B 
of  300  pounds  each  were  said  to  have  been  made  in  10  hour8|4|||  * 
power  consumption  of  350  kw.  h.  per  ton,  and  a  metal  loss  of 
cent. 

The  furnace  can  be  charged  rapidly  by  pulling  out  the  " 
and  charging  through  the  top  of  the  furnace. 

It  is  not  stated  whether  the  furnace  was  operated  with  a  di 
indirect  arc  on  red  brass,  but  since  the  makers  state  that  on  liffd 
metal  or  steel  the  arc  is  brought  down  to  the  bath,  it  is  probabliqnnt 
it  is  operated  as  an  indirect  arc  when  melting  red  brass  or  bro4M 

One  of  the  Bennerfelts  at  the  Chicago  Bearing  Metal  Co.  haaAhin 
changed  over  to  take  a  450-kw.  "  torch."  This  furnace  is  shoHlf ^ 
Plate  XII,  B.  The  metallurgical  behavior  of  the  furnace  inl|Mto 
expected  to  be  that  of  any  direct-arc  furnace  when  used  as  a  vBt^ 
arc  furnace  and  of  any  indirect-arc  furnace  when  used  as  an  indirect- 
arc  furnace.  It  could  be  used  on  bronze  and  Monel  metal  but  not  on 
yellow  brass  high  in  zinc 

All  the  yellow  brass  and  manganese  bronze  made  by  ih^  Chicago 
Bearing  Metal  Co.  is  still  melted  in  crucible  lift-out  oil  furnaces,  the 
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various  direct  and  indirect  arc  furnaces  not  being  of  any  more  use 
for  alloys  high  in  zinc  than  the  open-flame  oil  furnaces  would  be. 

A  repelling-arc  furnace  is  being  tried  out  by  the  Bridgeport  Brass 
Co.,  but  it  is  stated  ^*  that  it  has  not  yet  been  very  successful. 

SUHMABY  OF  STATIONABY  INDIBECT-ABC  FUBNAGES. 

It  has  been  shown  that  although  stationary  indirect-arc  furnaces, 
of  which  the  Rennerfelt  is  the  best  known,  have  been  used  on  yellow 
brass  by  running  at  low  power  input,  where  excessive  zinc  loss  was 
a  minor  factor  because  of  electric  power  being  cheaper  than  fuel,  yet 
under  American  conditions  it  would  be  wasteful  to  use  such  furnaces 
for  melting  alloys  high  in  zinc.  Even  in  the  United  States  an  alloy 
of  about  20  per  cent  zinc  has  been  commercially  melted  in  a  600- 
pound  furnace  with  a  metal  loss  slightly  less  than  in  former  fuel-fired 
practice,  but  the  furnace  has  given  trouble  through  the  electrodes 
sticking  from  condensed  zinc.  By  analogy  with  the  behavior  of 
the  direct-arc  furnace,  the  600-pound  size  of  which  cduld  be  kept 
tight  when  melting  a  high  lead  alloy,  though  the  1-ton  size  could  not, 
it  is  doubtful  whether  a  l*ton  indirect-arc  furnace  can  be* satis- 
factorily operated  on  even  the  20  per  cent  zinc  alloy  at  a  rate  of 
power  input  that  will  give  good  figures  for  production  and  power. 
The  1-ton  indirect-arc  furnace  even  gave  trouble  when  operated 
tightly  closed  on  a  15  to  20  per  cent  lead  alloy  and  finally  had  to  be 
operated  open  with  correspondingly  larger  metal  losses. 

Stationary  indirect-arc  furnaces  are  highly  suitable  for  Monel 
metal,  cupronickel,  pure  copper,  silver,  bronze,  red  brass,  and  similar 
alloys  containing  up  to,  say,  10  per  cent  zinc  or  15  per  cent  lead.  On 
alloys  high  in  volatile  metals  this  type  of  furnace  operates  at  a 
metallurgical  disadvantage,  which  increases  with  the  amount  of 
volatile  material;  hence  operation  on  yellow  brass  is  entirely  im- 
practical under  American  conditions,  a  fact  that  is  understood  and 
admitted  by  the  makers  of  the  Hennerfelt.  Though  the  furnace  has 
a  wide  field — a  much  wider  one  than  that  of  the  direct-arc  type— it  is 
not  useful  in  the  important  field  of  rolling-mill  work  on  alloys  high 
in  zinc 

The  indirect-arc  furnace  ranks  high  as  regards  reliability,  reason- 
able upkeep,  and  rate  of  production.  Under  similar  conditions  its 
rate  of  production  is  not  quite  as  large  as  that  of  the  direct-arc  type, 
nor  is  its  thermal  efficiency  quite  as  good,  but  in  both  these  respects 
it  is  decidedly  "better  than  furnaces  of  the  reflected-heat  type,  such 
as  the  granular  resistor  and  smothered^  arc.  Its  field  is  smaller,  how- 
ever, than  that  of  those  types.  Its  electrical  characteristics  are 
satisfactory.  The  load  is  not  so  steady  nor  its  power  factor  so  high 
as  those  of  the  reflected-heat  type,  but  both  are  better  than  in  the 

>*  Welwter,  W.  Bk,  personal  communication,  Aug.  24,  1921. 
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direct-arc  type.  The  Kennerf elt  takes  three-phase  current,  and  hence 
is  free  from  the  drawbacks  of  a  single-phase  load.  All  in  all,  the 
stationary  indirect-arc  furnace  is  a  very  useful  type,  provided  it  is 
used  on  work  for  which  it  is  fitted. 

HOVnrO  IHDIBECT-ABG  FUBNACES. 

STASSANO  FUBNACE. 

Though  the  earliest  indirect-arc  furnaces  suggested  were  those  of 
Pinchon  (1853)^^  and  Siemens  (1878),  followed  by  that  of  Moissan, 
used  to  such  good  advantage  in  the  classical  researches  of  that  great 
JB'renchman,  the  first  commercial  indirect-arc  furnace  was  invented 
by  Stassano.  Stassano  first  designed  (in  1898)  a  shaft  furnace  for 
making  steel  direct  from  iron  ore;  then  he  designed  a  stationary 
hearth  furnace,  but  his  first  furnaces  to  attain  commercial  success 
were  designed,  as  illustrated  by  figure  30,  to  be  kept  in  motion.^' 

These  furnaces  were  built  in  the  form  of  an  upright  cylinder  with 
its  vertical  axis  at  a  slight  angle  from  the  verticaL  The  whole 
furnace  was  rotated,  so  that  both  the  rotary  motion  and  the  tilt  of 
the  axis  tended  to  swash  the  metal  from  side  to  side. 

Stassano  says  ^^  that  the  ^'  agitation  increases  the  activity  of  the 
reaction  producing  the  refining,  and  shortens  the  time,  thus  making 
possible  work  on  a  full  charge  without  risk  of  overheating  the  diam- 
her  or  damaging  the  lining."  Stassano's  prime  object  in  rotation 
thus  seems  to  have  been  assuring  a  better  contact  between  the  ore  and 
reducing  agent  in  smelting  iron  ore,  or  between  the  metal  and  slag 
in  refining  steel.  Of  course,  the  continuous  rotation  of  the  furnace 
body  involved  the  use  of  sliding  contacts  in  the  electric  dicuits  and 
of  joints  in  the  water-cooling  connections.  Such  contacts  in  circuits 
carrying  the  high  amperage  required  by  good-sized  electric  furnaces 
are  notoriously  difficult  to  maintain  and  such  joints  in  water  con- 
nections are  hard  to  keep  tight.  Stassano  ^'  therefore  had  to  sub- 
stitute an  oscillating  motion  and  abandon  complete  rotation  of  the 
furnace  in  order  to  overcome  these  difficulties. 

Rodenhauser  ^*  says :  ^  If  any  security  is  desired  for  a  complete 
uniformity  of  the  material  in  its  several  layers,  it  is  not  possible  to 
dispense  with  the  mechanical  bath  circulation.'' 

1"  See  RodenhaQBer,  W.,  and  Schoenawa,  7.,  translated  by  Tom  Banr,  C.  H.,  Bleetrle 
fnrnaces  In  the  iron  and  steel  Industry;  1917,  p.  4. 

1*  Steel  prodnction  in  tbe  electric  famace:  Blectrochem.  Ind.,  yol.  1,  1908,  p.  347; 
Stassano,  E.,  U.  S.  Patent  799405,  Sept  12,  1906 ;  application  Apr.  9,  1902. 

u  Stassano,  B.,  The  application  of  the  deetrie  famace  to  sideragy :  Trans.  Am.  Electro* 
chem.  Soc,  vol.  16,  1909,  p.  70. 

3«  Stassano.  B^  U.  8.  Patents  1,024,667,  Apr.  80,  1912,  application  Aug.  7.  1911; 
1,060.499,  Apr.  22,  1918,  application  Nor.  29,  1912,  and  1,106,869,  Ang.  4,  1914,  appUca- 
tlon  Oct.  15,  1918. 

^*  Rodenhauser,  W.,  and  Schoenawa,  J.,  translated  by  vom  Baur,  C  H.,  Electric  fur> 
nacee  in  the  Iron  and  steel  industry ;  1917,  p.  118. 
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Schmelz "  says  that  an  oscillating  fnmace  with  the  douhle-trun- 
Bion  suspension,  like  that  of  a  ship's  compass,  does  away  with  thn 
former  complications  of  the  cable  and  water  connections  of  the  rotary 


FtouKB  30. — BleratloD  of  nratiDK  tbree-phase 


foniace.  It  can  also  be  tilted  to  pour,  while  the  earlier  form  had  to  be 
tapped.  The  oscillating  or  gyrating  dedgn  of  the  Stassano  is  very 
like  the  later  design  of  the  Thomson  zigzag-resistor  furnace. 

t  electric  ateel-cutiiig  plut:  Met  and  Cbem.  Bug.,  vol  11, 
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Keeney  ^^  asserts  that  agitating  the  bath  of  steel  had  not  proved 
of  great  value  for  steel  and  had  been  abandoned  in  the  more  recent 
Stassano  furnaces. 

The  moving  Stassano  steel  furnace,  as  far  as  careful  study  of  the 
literature  reveals,  has  never  been  tried  or  even  suggested  by  its  in- 
ventor for  use  on  brass.  Though  the  Stassano  motion  would  tend 
to  mix  the  metal  somewhat,  it  is  doubtful  whether  the  relatively 
slight  motion  would  mix  the  charge  thoroughly  enough  to  overcome 
in  melting  alloys  high  in  zinc  the  overheating  of  the  surface  through 
the  concentrated  radiation  from  a  high-powered  arc.  One  furnace, 
the  Volta,  which  is  essentially  a  grating  Stassano  furnace,  has  very 
recently  been  brought  out  for  brass  melting.  It  will  be  described 
later. 

Other  moving  electric  furnaces  have  been  suggested,  though  not 
especially,  save  in  the  case  of  the  Thomson,  for  brass  melting,  among 
them  those  of  Burton  ",  of  Johnson  **^,  of  Ischewsky  "^^  and  of  Thom- 
son.^^    These  furnaces  are  all  of  the  resistor  type. 

Another  rotating  resistance  furnace,  designed  among  other  things, 
for  melting  copper  alloys,  was  described  by  Braun**  in  1904.  The 
resistance  was  embedded  in  the  walls,  and  current  was  carried  to  it 
by  sliding  contacts,  from  the  leads,  through  a  number  of  electrodes 
also  embedded  in  the  walls.  The  refractory  hearth  was  corrugated 
in  order  to  secure  agitation  of  the  charge.  The  design  of  the  fur- 
nace, as  might  be  expected  from  a  design  of  1904,  was  not  practical 
and  as  nothing  has  been  heard  of  it  beyond  the  patent,  the  furnace 
probably  was  never  operated. 

Bideal  ^^  states  that  F.  Clerque  designed  a  revolving  electric  radia- 
tion furnace  for  the  manufacture  of  ferronickel  that  is  said  to  have 
been  in  use  at  Essen,  Germany.  No  description  of  the  furnace  nor 
reference  to  a  description  is  given. 

BENSEL  BESISTOB  BOLLIKG  FtJBNACE. 

Bcnsel  ^*  describes  a  laboratory  furnace  of  spheroidal  shape  with 
the  longer  axis  horizontal.  A  charging  door  was  provided  on  the 
circumference  and  the  furnace  was  tilted  to  pour.    It  was  also  rolled 


"  Lyon,  D.  A.,  and  Kcency,  R.  M.,  Electric  furnaces  for  making  iron  and  steel :  Bull. 
67,  Bureau  of  Mines,  1916»  p.  82. 

»  Burton,  O.  D.,  U.  8.  Patent  679,452,  July  30,  1901. 

« Johnson,  W.  M.,  U.  S.  Patent  825,058,  July  3,  1906. 

«  IsoliewBky,  B.  M.,  U.  S.  Patent  847,003,  May  12,  1907. 

"Thomson,  J.,  and  Fitzgerald,  F.  A.  J.,  0.  S.  Patent  950,878,  Mar.  1,  1910;  Thomson, 
J.,  U.  S.  Patent  950,880,  Mar.  1,  1910. 

"  Brann,  I.,  French  Patent  339,942  of  June  22,  1904. 

*«  Rideal.  E.  K.,  Electrometallurgy,  1919,  p.  150. 

"Bensel,  F..  Vcrsuche  zur  Vomlndening  der  Metallvcrluste  helm  Messingschmelzen : 
Motallurgie,  vol.  9,  1912,  p.  633 ;  Chem.  Ahs.,  vol.  6,  1912,  p.  3256;  Jonr.  Soc.  Cbem.  Ind., 
▼ol.  31,  1912,  p.  879;  Jour.  Inst.  Metals  (British),  vol.  8,  1912,  p.  853;  Jour.  Franklin 
Inst.,  vol.  175,  1913,  p.  150. 
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back  and  forth  while  operating  to  mix  the  metal.  A  direct  current 
was  tried  as  the  source  of  heat,  but  was  said  to  be  unsuitable  as  the 
positive  electrode  burned  off  too  quickly.  A  resistor  was  therefore 
used,  the  carbon-rod  resistor  running  through  the  long  axis.  The 
furnace  held  20  kg.,  or  44  poimds,  of  metal  and  took  an  average  of 
44  volts  at  630  amperes  when  hot.  Bensel  melted  44  pounds  of  a 
70 :  30  brass  made  from  new  metals  in  1  hour  and  35  minutes,  from 
a  cold  start,  using  35.4  kw.  h.  He  poured  19.3  kg.,  or  42J  pounds,  of 
brass,  a  loss  of  3.5  per  cent,  but  he  figured  that  much  soaked  into  the 
lining  and  that  the  true  loss  was  under  1  per  cent. 

By  a  peculiar  process  of  calculation  involving  several  assumptions 
he  decided,  on  the  basis  of  a  single  heat,  that  the  furnace  on  an  all- 
day  run  would  melt  at  7.3  kw.  h.  per  100  pounds,  or  146  kw.  h.  per 
ton,  a  figure  lower  than  the  generally  accepted  value  for  the  power 
theoretically  needed  at  100  per  cent  efficiency. 

No  further  development  of  the  Bensel  furnace  has  been  recorded. 

Carrerfe,*®  however,  described  an  indirect-arc  furnace  having  the 
form  of  a  cylinder  lying  on  its  side,  the  electrodes  entering  through 
the  ends.  The  body  of  the  cylinder  was  rotated  while  the  end  walls 
were  stationary,  they  and  the  electrodes  not  revolving  with  the 
furnace.    This  furnace  was  not  suggested  for  use  on  brass. 

WEEKS  ZING  FTTBNAGE. 

The  Weeks  zinc  furnace  ^^  is  a  horizontal  cylinder  heated  by  an 
indirect  arc  or  arcs,  but  differs  from  the  Carrerfe  furnace  in  that 
part  of  the  end  walls  can  move  with  the  furnace  body;  only  the 
electrodes  and  rings  or  trunnions  about  them  that  contain  water 
coolers  for  thfe  electrodes  and  an  offtake  for  zinc  vapor  remain 
stationary;  the  furnace  aside  from  these  parts  may  revolve.  A  tap 
hole  or  pouring  spout  is  shown  in  the  patent,  closed  by  a  plug  which 
is  held  in  tightly  to  withstand  the  pressure  of  the  molten  zinc. 

In  both  the  CarrerS  and  Weeks  furnaces  the  stationary  ends  and 
the  revolving  body  involve  many  difficulties  in  maintaining  a  gas- 
tight  seal  over  so  large  a  joint  and  in  sealing  the  charging  door  to 
prevent  leakage  of  metal  when  the  furnace  is  revolved.  The  charg- 
ing door  of  the  Weeks,  on  account  of  lack  of  space  at  the  ends  above 
the  melt,  was  placed  on  the  circumference  of  the  drum. 

No  account  of  any  actual  experiments  with  the  Carrerfe  furnace 
has  been  found  in  the  literature.  The  Weeks  zinc  furnace,  as  has 
been  previously  stated,  was  tested  at  the  plant  of  the  General  Elec- 
tric Co.  at  Schenectady,  N.  Y.,  for  zinc  smelting;  also  one  or  two 

«  Carrerfe,  J.  M..  U.  S.  Patent  726,860,  May  6,  1903. 

**  Weeks,  C.  A.,  U.  a.  Patent  849,&11,  Ftelx  15,  1010 ;  application  filed  Sept.  3,  1908. 
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heats  of  copper  were  made  in  it.  The  patent  specifications  for  the 
Weeks  furnace  make  mention  of  revolving  the  body  of  the  furnace 
to  interchange  the  roof  and  hearth,  the  advantage  being  in  ^uni- 
formly wearing  the  lining  and  applying  substantially  all  the  heat 
to  the  contents."  But  in  a  published  description  of  the  furnace 
Weeks  *®  makes  no  mention  of  revolving  the  furnace  or  of  the  eflfect 
of  stirring  on  metal  losses.  He  assumes  a  figure  for  metal  losses 
on  yellow  brass,  but  it  is  not  based  on  any  experiments. 
Hansen,'^  in  describing  the  Weeks  zinc  furnace,  says: 

The  drum  was  mounted  on  roUers  which  could  be  motor-driven.  .  .  .  The  heat 
was  supplied  by  radiation  from  an  arc  and  the  rotation  of  the  furnace  body  was 
intended  to  equalize  temperature  of  the  furnace  lining  by  periodically  bringing 
aU  the  parts  of  it  in  contact  with  the  charge.  IncldentaUy,  thorough  mixture 
of  the  charge  would  be  secured  by  this  rotation.  The  cepper-melting  experi- 
ments were  of  purely  secondary  consideration  to  Mr.  Weeks.  .  .  . 

Hansen  asserts  that  in  melting  zinc  with  this  furnace  the  elec- 
trodes bec(»ne  soldered  in  place  by  condensed  zinc  and  could  not  be 
adjusted  to  regulate  the  arc.  Mr.  Weeks  has  informed  one  of  the 
writers  that  the  furnace,  though  designed  to  rotate,  was  not  rotated 
in  the  copper-melting  experiments.  No  experiments  were  made  with 
brass,  and  the  effect  of  stirring  on  the  superheating  of  the  surface  of 
the  melt  and  on  the  loss  of  zinc  was  evidently  not  impressed  on  Han- 
sen by  the  few  experiments  that  were  made ;  instead  of  continuing  to 
experiment  with  the  Weeks  furnace  Hansen  built  the  three-phase 
Stassano-type  furnace,  which  was  tested  on  yellow  brass  borings  at 
the  Schenectady  plant. 

IMBEBT  ZING  PT7BKACE. 

Another  zinc  furnace,  the  Imbert,'^  designed  at  about  the  same  time 
as  the  Weeks,  the  patent  application  being  made  in  Gennany  only  two 
days  before  that  of  the  Weeks  in  this  country,  greatly  resembles  the 
Weeks  furnace ;  the  chief  variation  is  the  leaving  of  a  larger  clear- 
ance space  between  the  stationary  part  of  the  end  wall  and  the  re- 
volving part,  and  the  use  of  this  space  as  offtake  for  zinc  vapor.  The 
Imbert  furnace  has  not  been  suggested  for  use  on  brass. 

HTTIiDT  FUBKACE. 

The  Weeks  and  Imbert  furnaces  were  designed  for  the  reduction  of 
zinc  from  its  ores  or  for  its  purification  by  distillation.  A  more  re- 
cent patent'^  utilizes  an  indirect-arc  furnace  built  as  a  horizontal 

*■  Weeks*  C.  A.,  Meltliifir  nonferrous  metals  In  an  electric  farnace :  Met  and  Chem. 
Eng.,  Yoh  9,  1911,  p.  863. 

*  HaDfM>n,  C.  A..  Electric  melting  of  copper  and  brass :  Ttans.  Am,  Inst.  Metals,  toL 
6»  1912,  ppw  110,  126. 

^  Imbert,  A.  H.,  German  Patent  219,515  of  Mar.  1,  1910 ;  application  filed  Sept.  1,  1908- 

»Huldt,  S.,  U.  8.  Patent  1,266.808,  May  21,  1908,  application  filed  Apr.  8,  1917. 
Norsk  BlektrUk  MeUlindoatrt  Aktleslkap;  British  Patent  105,668  of  Mar.  21,  1918  (coo- 
vention  date^  Sweden,  Apr.  8,  1916). 
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cylinder,  not  for  distillation  of  zinc,  but  for  the  melting  of  '^  blue 
powder,"  the  oxide  film  on  the  surface  of  the  particles  being  rubbed 
off  by  the  motion  of  the  particles  sliding  on  each  other  in  a  rotating 
furnace.  It  is  said  that  the  drum  may  have  a  rocking  motion  if  de- 
sired. The  furnace  construction  is  not  explained  in  detail  in  this 
patent. 

BOCXIKG  OF  FT7EL-FIBED  BBASS  FXTBKACES. 

Botary  fuel-fired  furnaces,  such  as  the  cement  kiln,  and  rotary 
roasting  furnaces  '^  are  well  known.  In  a  number  of  brass  foundries 
it  has  been  found  that  time  could  be  saved  in  the  operation  of  open- 
flame  oil  furnaces  by  rocking  the  furnace  back  and  forth  by  hand 
during  the  last  few  minutes  of  the  heat,  so  that  the  hot  walls  just 
above  the  metal  are  washed  by  the  metal,  and  give  up  some  of  their 
stored  heat  to  it.  Mechanically  rotating  and  rocking  oil-fired  brass 
furnaces  are  now  on  the  market.*' 

Eennerf elt  **  says  that  some  "  of  the  heat  absorbed  by  the  walls 
may  be  recovered  by  tilting  the  crucible,  or  the  hearth,  to  bring  the 
charge  into  contact  with  the  heated  walls,  thereby  absorbiug  some  of 
the  heat." 

Bennerfelt  also  mentions  the  possible  use  of  a  projection  in  the 
furnace  bottom  to  stir  the  metal  when  tilting  the  furnace.  No  pro- 
vision is  made  for  continuous  tilting,  nor,  so  far  as  known,  has  any 
Bennerfelt  furnace  been  built  with  such  a  projection. 

While  moving  electric  furnaces  of  various  types  had  been  known, 
they  had  not  been  tried  for  brass  melting  save  for  a  couple  of  heats 
in  the  Bensel  resistor  furnace,  and  though  fuel-fired  brass  furnaces 
had  been  operated  with  slight  stirring  they  had  not  been  so  operated 
mechanically.  As  far  as  can  be  ascertained,  the  Bureau  of  Mines  was 
the  first  to  make  actual  experiments  on  brass  melting  in  an  elec- 
tric-arc furnace  rocked  or  otherwise  moved  to  stir  the  metal  in  order 
to  prevent  surface  overheating  of  the  melt ;  the  first  laboratory  heat 
was  made  on  August  25,  1915,  in  the  electric  furnace  laboratory  of 
Cornell  University,  which  by  a  cooperative  agreement  is  used  by  the 
Ithaca  field  office  of  the  bureau. 

The  fundamental  idea  behind  the  bureau's  study  of  the  rocking 
indirect-arc  furnace  for  brass  was  that  several  of  the  essentials  of  an 
"  ideal "  electric  brass  furnace — ^ruggedness,  simplicity  in  the  hot 
zone,  and  ability  to  be  run  at  a  high  rate  of  power  input — ^were  pres- 
ent in  the  indirect-arc  type,  and  that  the  drawbacks — superheating 

**  Canby,  R.  C,  Traaa.  Am.  Blectrochein.  Soc.,  toI.  27,  1915,  p.  65 ;  Anonymous,  New 
fonndry  for  making  mill  brasses :  Iron  Age,  toI.  107,  1921 ;  Anonymous,  Makes  asset  of  a 
bnilding  obstacle :  Fonndry,  vol.  40,  1921,  pp.  29,  197. 

«■  Compare  Metal  Ind.,  vol.  16,  1917,  p.  38 ;  Jones,  A^  tJ.  S.  Patent  1,334,459 ;  Adver- 
tisement, Metal  Ind.,  vol.  18,  1920,  p.  3 ;  Advertisement,  Foundry,  vol.  48,  1920,  p.  102. 

*•  Bennerfelt,  I.,  U.  S.  Patent  1,076,518,  0€t.  21,  1913,  p.  2,  line  50. 
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of  the  surface  of  the  charge,  consequent  inabUity.to  keep  the  furnace 
tight  on  alloys  high  in  zinc,  too  much  heat  storage  to  give  perfect 
control  of  temperature,  thermal  losses  through  the  roof  and  conse- 
quent troubles  with  refractories  in  the  roof — would  either  be  avoided 
or  decreased  by  a  stirring  action  brought  about  by  rocking. 

Inasmuch  as  the  ordinary  stationary  indirect-arc  furnace  gives  far 
less  trouble  from  surface  superheating  than  the  direct-arc  type,  it  was 
evident  that  the  overcoming  of  this  trouble  by  stirring  would  be  easier 
and  simpler  in  the  indirect  than  in  the  direct  arc  type.  Indeed,  it 
is  very  doubtful  whether  any  commercially  attainable  degree  of  stir- 
ring could  sufficiently  counteract  the  overheating  of  the  metal  di- 
rectly under  the  arc  in  a  direct-arc  furnace. 

LABOBATOBY  BOOKING  PTJBNACE. 

The  small  laboratory  furnace,  a  fire-brick-lined  cylinder  lying 
horizontally,  with  2-inch  diameter  graphite  electrodes  entering  at 
the  ends  of  the  furnace,  was  so  mounted  that  it  could  be  rocked 
back  and  forth  while  melting,  as  in  Plate  XIV.  The  single-phase  in- 
direct-arc ran  at  50  to  75  volts  and  took  about  30  to  35  kw.  If  the 
furnace  was  operated  on  alloys  high  in  zinc  without  rocking,  it  acted 
like  any  other  stationary  indirect-arc  furnace,  being  hard  to  keep 
tight,  superheating  the  surface  of  the  metal  and  giving  too  high 
metal  losses.  By  rockiiig  the  furnace  back  and  forth,  however,  the 
furnace  operated  well,  surface  overheating  was  avoided,  and  the 
metal  losses  were  low. 

Some  of  the  results  on  metal  losses  are  tabulated  in  Table  44. 


Table  44. — Metal  losses  in  Bureau  of  Mines  laboratory  rocking  furnace. 


Alloy. 


Copper, 


65.6 
58.0 
71.5 
71.6 
83.0 
83.0 
81.5 


Zinc. 


34.4 
40.0 
25.0 
25.0 
10.0 
10.0 
8.5 


Tin. 


0.3 
.5 
.5 
3.0 
3.0 
4.0 


Lead. 


8.0 
3.0 
4.0 
4.0 
6.0 


Material. 


p         ■  Pi»  .  in        II  HI  !■ 

Ingot 

do.... 

Ingot 

CWps 

Scrap  and  gates... 
Ingot 


Pouring 

tempera- 

Net loss. 

ture. 

•c. 

PercL 

1,080 

al.06 

1,000 

03. 00 

1,125 

1.60 

1,150 

.50 

1,200 

1.00 

1,225 

.50 

1,200 

.20 

•The  net  lom  on  this  alloy  when  the  furnace  was  not  rocked  was  6.4S  per  cent,  Indnd* 
ing  some  soakage  into  the  fresh  hearth. 

^Al,  0.4  per  cent;  Fe»  1.5  per  cent;  Mn,  trac<^  (manganese  bronze). 

«  The  net  Ices  on  the  same  chips  in  an  oil-fired  furnace,  crucible  practice,  was  7.2  per 
cent,  the  gross  loss  7  per  cent  in  the  rocking  furnace. 

POWER   COVSVUPTION. 

The  furnace,  warkinfj  on  125  to  130  pound  charges  of  red  brass, 
poured  at  1,200°  C,  melted  five  heats,  640  pounds,  in.  five  hours,  in- 
eluding  1  hour  and  10  minutes  used  in  charging  and  pouring — start- 


1.  ONE-TON   DETROIT  ROCKING  FURNACE  WIT 


YLE  SUPPORTS. 
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ing  with  the  furnace  cold — ^by  using  136^  kw.  h.,  or  at  the  rate  of 
430  kw.  h.  per  ton. 

On  10-hour  operation  it  should  give  10  heats,  1,250  pounds,  at  the 
rate  of  375  kw.  h.  per  ton,  and  on  24-hour  operation  24  heats,  nearly 
3  tons,  at  less  than  325  kw.  h.  per  ton.  The  electrode  consumption 
was  at  the  rate  of  about  3  pounds  per  ton. 

BUBEAU   OF    HIKES   TSZPEBIHEKTAIi    1,300-POUND    BOOKING 

FUBNACE. 

• 

The  laboratory  experiments  on  a  furnace  of  125  pounds  capacity 
having  indicated  that  such  a  furnace  might  be  of  value,  the  coopera- 
tion of  the  Detroit  Edison  Co.  and  the  Michigan  Smelting  and  Re- 
fining Co.  was  enlisted,  and  tests  on  a  1,300-pound  furnace  were  made 
by  the  Bureau  of  Mines  at  the  plant  of  the  latter  firm.  The  first 
heat  was  made  on  May  9, 1917. 

The  experimental  furnaces  and  the  results  of  the  experimental 
work  have  been  fully  described  elsewhere  ^^  and  need  be  but  briefly 
summarized  here. 

The  furnace  (see  PL  XIV)  held  1,300  pounds  and  was  run  at  100 
to  200  kw.,  averaging  about  1C5.  The  arc  ran  at  about  110  to  120 
volts,  and  the  furnace  had  a  power  factor  of  about  85.  The  elec- 
trodes were  4-inch  diameter,  graphite. 

The  inner  lining  of  the  furnace  was  of  corundite  brick,  back  of 
which  was  a  special  heat-insulating  brick,  with  infusorial  earth  brick 
next  the  shell.  Handwheels  were  provided  for  electrode  adjustment, 
and  the  rocking  motion  was  automatically  controlled  by  a  reversing 
motor,  contactors,  and  suitable  control  device. 

The  furnace  was  kept  stationary  after  a  heat  was  started  until 
some  of  the  charge  had  begun  to  melt ;  then  it  was  rocked  through  a 
small  angle,  or  "safe  rock,"  because  by  being  rocked  too  far  the 
solid  part  of  the  charge  would  fall  on  the  electrodes  and  break  them. 
The  large  furnace  required  much  more  care  in  this  resi)ect  than  the 
laboratory  furnace,  as  the  latter  could  be  rocked  through  a  large 
angle  early  in  the  heat,  especially  if  the  material  melted  was  borings 
or  other  fine  scrap  not  heavy  enough  to  break  the  electrodes;  in  the 
large  furnace  even  that  kind  of  material  would  mat  together  into 
heavy  chunks  and  would  break  the  electrodes  if  the  furnace  were 
rocked  too  far  too  early  in  the  heat.  As  the  charge  melted  the 
angle  of  rocking  was  gradually  increased  until  by  the  time  that  all 
was  melted  only  the  charging  door  and  pouring  spout  were  unwashed 

«  GlUett.  H.  W..  and  Rhoads,  A.  E.,  Melting  brass  in  a  rocking  elpctric  furnace :  Bull. 
171,  Bureau  of  Mines,  July,  1918,  181  pp.;  A  rocking  electric  brass  furnace:  Jour. 
Tnd.  Eng.  Chem.,  vol.  10»  1918,  p.  459 ;  Met.  Chem.  Eng.,  yol.  18,  1918,  p.  583 ;  Met  Ind. 
(N.  T.),  vol.  16,  1918,  p.  265,356;  Met.  Tnd.  (London),  voL  18,  1918,  pp.  102,  116,  132; 
Foundry,  vol.  46,  1918,  p.  814 ;  Brass  World,  toL  14,  1918,  p.  217 ;  Amer.  Maehinist,.  vol. 
48.  1918,  p.  1018. 

6g723'— 22 ^15 
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by  the  metal.    Fi^re  31  shows  the  stages  in  the  rocking  of  a  heat. 
The  furnace  was  set  off  the  horizontal  to  induce  an  end-to-end 


motion  of  the  metal,  as  well  as  a  rotary  motion,  and  give  more  com- 
plete stirring. 
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As  the  work  of  the  plant  where  the  experimental  furnace  was  set 
up  was  the  making'  of  ingot  of  standard  composition  from  scrap 
charges,  the  true  metal  loss  was  not  ascertainable,  because  of  varying 
amounts  of  dirt,  oil,  and  other  nonmetallic  material  in  the  charge. 
The  coke-fired  crucibles  running  on  exactly  the  same  charge  gave 
figures  with  which  the  electric  furnace  losses  could  be  compared. 

OOXPABATIVE    METAL    LOSSES. 

On  102  tons  of  metal  melted  in  the  rocking  furnace  in  strict  com- 
parison with  the  same  material  charged  to  the  coke  fires,  the  alloys 
melted  running  from  90  to  66  per  cent  copper,  1  to  9  per  cent  tin, 
1-i  to  26J  per  cent  lead,  0  to  30  per  cent  zinc,  the  rocking  furnace  gave 
3,626  pounds,  or  1.8  per  cent  more  ingot  than  the  coke  fires  did 
from  the  same  amount  of  the  same  material.  Comparative  figures 
on  some  specific  alloys  follow  in  Table  45, 

Table  45. — Comparative  metal  losses  in  Bureau  of  Mines  IfiOO-pound  rocking 

furnace  emd  in  coke  fires. 


Composition. 

Weight 
charged. 

Lon 

(metal. 

oil.  and 

dlrt),ooke 

fires. 

Urn 

(metal. 

oil.  and 

dirt),ele»> 

trie. 

Saved  by 
elootric. 

Co. 

Sn. 

Pb. 

Zn. 

PereL 
85 
84 
84 
79 
78 
76 
73 

67 

Perct, 
5 
7 
6 
9 
2 
8 
4 
4 
1 

PercL 

5 

8 
10 
10 
10 
13 
20 

Peru, 
5 
1 

2' 

10 
3 
3 
2 

80 

Paandi. 

6,676 

11,600 

14,300 

11,790 

15,840 

U,80S 

14,392 

^224 

7^200 

Perct. 
4.6 
7.0 
2.4 
3.6 
7.1 
4.0 
3.7 
3.0 
8.0 

PercL 
3.2 
3.7 
1.8 
2.1 
3.1 
2.4 
2.9 
2.4 
5.1 

Per  a, 

1.4 

3.  a 

.6 

1.4 

4.0 

1.6 

.8 

.6 

2.9 

In  melting  75,605  pounds,  which  contained  266  pounds,  or  0.35 
per  cent  oil  of  leaded  bearing  bronze,  73,990  pounds  good  ingot,  106 
pounds  small  ingot  or  spillings,  and  795  pounds  metallic  in  skim- 
mings were  obtained,  giving  on  the  oil-free  basis  1.8  per  cent  gross 
loss,  0.6  per  cent  net  loss. 

In  operating  both  the  laboratory  and  the  1,800-pound  furnace  care 
was  taken  to  keep  the  furnace  door  and  spout  closed  and  plugged  as 
tightly  as  possible.  The  electric  furnace  gave  alloys  which  analyzed 
remarkably  close  to  the  composition  desired.  On  alloys  high  in  zinc 
it  was  especially  noticeable  that  the  analyses  of  the  produced  showed 
a  much  smaller  loss  of  zinc  than  in  the  coke  fires.  For  example,  a 
charge  aimed  to  give  67  per  cent  copper,  30  per  cent  zinc,  and  3  per 
cent  tin  and  lead  and  divided  between  coke  fires  and  the  electric 
furnace  gave,  on  melting  in  the  coke-fired  crucibles,  an  alloy  of  68.4 
per  cent  copper  and  29.3  per  cent  zinc ;  in  the  electric  furnace  it  gave 
one  of  66.6  per  cent  copper  and  80.4  per  cent  zinc. 
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The  loetal  was  found  to  be  thoroughly  mixed.  Analyses  of  the 
first  ingot  from  the  first  ladle  and  the  last  ingot  from  the  last  ladle 
of  1,200  pounds  heats  of  an  alloy  in  which  60  per  cent  copper,  S7 
per  cent  zinc,  and  3  per  cent  lead  was  aimed  at,  giving  the  following 
results: 


Heat  No. 

• 
Per  cent  capper. 

First  inieot, 
first  ladle. 

Lastincot, 
last  ladle. 

823 

611.76 
59.78 

fi9LM 

123 

59.66 

An  alloy  containing  26  per  cent  lead  was  handled  with  satisfactory 
results  as  to  freedom  from  segregation,  the  metal  being  more  uniform 
than  that  from  the  coke  fires. 

The  metallurgical  results  were  excellent  and  the  reliability  and 
freedom  from  troubles  with  refractories  appeared  good,  though  the 
experiments  were  not  continued  long  enough  to  get  adequate  data 
on  the  lining  life  under  operating  conditions. 

BATE   OF  PBODirOTIOV  AKD   TKEBXAL   ZFFICXEKOY. 

On  10-hour  operation,  on  red  brass  poured  at  1,160°  C,  the  furnace 
gave  five  to  six  heats,  6,500  to  7,800  pounds,  and  on  a  5-day  run,  in 
which  17.2  tons  were  poured,  5,750  kw.  h.  were  used,  or  336  kw,  h. 
per  ton. 

On  24-hour  operation,  in  a  4-day  run,  the  furnace  gave  up  to  14 
heats  of  1,300  pounds,  or  9  tons  per  day;  34^  tons  were  melted  in 
the  run,  with  the  use  of  8,865  kw.  h.,  or  267  kw.  h.  per  ton.  In  both 
these  tests  the  electrode  consumption  was  slightly  under  2  pounds 
per  ton.  In  all  these  tests  the  furnace  was  somewhat  handicapped  by 
delays  outside  the  furnace,  such  as  waiting  for  the  crane  or  for 
helpers  for  pouring.  Without  delays  it  would  be  possible  to  melt  18 
heats  of  1,350  pounds,  or  10  tons,  in  24  hours  in  this  size  furnace. 

Some  delay  was  experienced  whenever  the  chaige  contained  a 
large  proportion  of  very  oily  borings,  as  the  vapor  is  a  nonconductor 
and  it  is  difiicult  to  hold  the  arc  in  such  an  atmosf^ere.  It  was 
therefore  necessary  to  leave  the  spout  unplugged  and  to  wait  tUl  the 
oil  had  distilled  out  before  starting  the  arc.  The  delay  could  be 
shortened  by  charging  the  borings  first  so  that  the  oil  would  be 
coming  off  while  the  rest  of  the  charge  was  being  added,  up  to,  say, 
30  per  cent  oily  borings  being  thus  handled  with  little  delay.  With 
larger  proportions  it  was  better  to  leave  the  door  open,  charge  the 
borings,  and  rock  the  furnace  through  a  small  angle  to  hasten  the 
heating  of  the  borings  by  the  hot  walls,  and  to  distill  the  oil  off 
faster. 
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In  the  earlier  experiments  some  difficulty  was  found  in  the  stick- 
ing of  the  electrodes  when  melting  alloys  high  in  zinc,  owing  to  the 
condensation  of  zinc  about  them.  The  trouble  was  not  like  that 
found  in  the  unrocked  Stassano  and  Rennerfelt  furnaces  on  similar 
alloys,  and  there  was  no  trouble  such  as  with  the  Bennerfelts  on  alloys 
high  in  lead,  even  when  the  alloys  contained  26  per  cent  lead. 

Experience  in  furnace  operation  showed  how  to  obviate  the  trouble; 
either  by  making  the  holes  through  which  the  electrodes  pass  suffi- 
ciently smooth,  as  by  the  use  of  graphite  rings  or  by  using  a  suitable 
granular  packing  about  them,  and  by  allowing  the  electrodes  to 
become  a  little  hotter,  reducing  the  amount  of  cooling  water  used, 
the  difficulty  was  prevented  entirely  on  24-hour  operation. 

Similar  precautions,  coupled  with  careful  cleaning  of  the  elec- 
trodes from  any  deposit  at  the  end  of  the  day,  made  it  possible  to 
operate  satisfactorily  on  alloys  high  in  zinc  on  10-hour  operation. 

It  was  found  both  feasible  and  convenient  when  making  yellow 
brass  from  copper,  zinc,  and  scrap  to  charge  the  zinc  with  the  rest  of 
the  charge  at  the  start  instead  of  "speltering"  toward  the  end  of 
the  heat. 

The  metal  melted  in  the  experimental  work  supervised  by  the 
Bureau  of  Mines  all  went  into  the  regular  output  of  the  Michigan 
Smelting  and  Refining  Co.  After  the  bureau's  tests  were  finished 
that  firm  put  the  experimental  furnace  into  regular  commercial 
operation. 

COMHEBCIAL  OPEB^TION  OF  1,300-FOirNI)  FUBJfAGE. 

In  over  600  heats  of  red  brass,  leaded  bearing  bronze,  cupronickel, 
etc.,  in  which  725,999  pounds  were  charged,  697,256  pounds  good 
ingot  was  obtained,  giving  a  gross  loss  of  28,743  pounds,  or  4  per 
cent.  No  deduction  is  made  for  spillings,  small  ingots,  metal  re- 
coverable from  slag,  or  for  oil,  dirt,  and  other  nonmetallic  on  the 
charge.  A  similar  gross  loss  figure  for  a  year's  operation  on  the 
coke  fires  was  given  as  7  per  cent.  The  furnace  tenders,  helpers,  and 
pourers  on  the  crucible  furnaces  began  to  draw  a  bonus  for  saving 
metal  when  the  gross  metal  losses  in  crucible  melting  were  6  per  cent. 

In  melting  the  363  tons  of  metal  127,231  kw.  h.  were  used,  metered 
on  the  secondary  side  of  the  transformer,  equivalent  to  138,500  kw.  h. 
metered  on  the  primary  side,  or  about  380  kw.  h.  per  ton.  The  fur- 
nace was  run  on  one  shift,  10  hours  or  less  operation,  and  was  sub- 
ject to  many  delays  due  to  outside  causes.  One  furnace  operator 
averaged  380  kw.  h.  per  ton  on  about  200  tons  and  a  series  of  less 
experienced  operators  390  kw.  h.  per  ton  on  about  150  tons.  The 
electrode  consumption  ran  from  8^  to  5  pounds  per  ton.  This  fur- 
nace was  operated  until  the  improved  1-ton  rocking  furnaces  were 
installed  and  then  dismantled. 
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The  rocking  furnace  was  patented  ^®  and  the  patents  assigned  to 
the  Secretary  of  the  Interior  as  trustee. 

Licensing  by  the  Secretary  of  the  Interior  was  adopted  in  order  to 
obviate  the  danger  of  having  some  unscrupulous  furnace  manufac- 
turer with  a  poorly  built  furnace  advertising  his  furnace  as  "  advo- 
cated by  the  United  States  Bureau  of  Mines ''  and  as  far  as  possible 
to  insure  that  furnaces  mude  under  license  are  capable  of  giving  the 
results  that  the  bureau's  ei^periments  show  should  be  given  by  the 
rocking  type  of  furnace. 

DETBOIT  BOGKIKG  ELECTBIC  FtntNACE. 

The  Detroit  Electric  Furnace  Co.  was  licensed  to  build  and  sell 
rocking  furnaces,  their  furnace  embodying  improvements  on  the 
experimental  furnace  suggested  by  the  bureau,  as  well  as  others 
indicated  by  further  experience  with  this  type  of  furnace.  The 
first  heat  in  the  first  furnace  installed  by  this  firm  was  made  on 
August  27,  1918.  On  August  1,  1921,  55  furnaces  were  in  actual 
operation  on  nonferrous  alloys  and  five  more  were  being  installed. 

Most  of  these  furnaces  are  rated  at  1-ton  capacity,  300  kv.  a. 
Detroit  furnaces  are  shown  in  Plates  XV  (p.  213),  XVI,  XVII, 
XVIII,  and  XIX.    They  are  described  by  St.  John." 

The  furnaces  are  lined  with  corundite  brick  on  the  inside,  back 
of  this  with  a  layer  of  fire  brick  specially  chosen  for  its  heat-insu- 
lating properties,  and  on  the  outside,  next  the  shell,  with  Sil-o-cel 
or  infusorial-earth  brick. 

Some  furnaces  have  also  been  constructed  with  a  two-layer  lining, 
the  other  of  calcined  Sil-o-cel  brick,  the  inner  of  corundite,  the  whole 
lining  being  but  9  inches  thick,  which  increases  the  capacity  of 
the  furnace.  The  shell  is  sUghtly  tilted  in  the  large  ring  gears  to 
induce  end-to-end  motion  of  the  charge  and  to  increase  the  stirring 
action.*'  The  plug  door  is  entirely  removable  from  the  body  of 
the  furnace  by  a  small  jib  crane  located  near  the  furnace. 

The  door  is  of  generous  size,  and  by  turning  the  furnace  till  the 
door  is  uppermost  the  charge  can  be  put  in  by  a  mechanically  dumped 
bucket  or  similar  device.  The  electrode  holders  have  a  long  path 
of  travel,  so  that  the  electrodes  can  be  drawn  completely  out  of  the 
furnace  chamber  to  avoid  breakage    while   charging.    The   other 

••GUlett,  H.  W.,  and  Lohr,  J.  M.,  V,  S.  Patent  1,201,224,  Oct  10,  1916,  application 
filed  Nov.  5,  1915;  GUlett,  H.  W.,  U.  8.  Patent  1,201.225,  Oct.  10,  1919.  application  filed 
Mar.  11,  1916. 

■•St.  John,  H.  M.,  The  Detroit  rocking  furnaces  for  melting  brass  and  bronxe:  Metal 
Ind.,  vol.  17,  1919,  p.  320;  Metal  Ind.,  toI.  18,  1920,  p.  211 ;  see  also  8t  John,  H.  M., 
Melting  nonferrous  metals  and  their  alloys  in  the  electric  furnace :  Chem.  and  Met 
Eng.,  vol.  22,  1920,  p.  148 ;  Yates,  R.  F.,  Melting  brass  electrically :  Scl.  Amer.,  vol.  122, 
1920,  p.  221 ;  Some  practical  data  on  operating  electric  brass  fumaces :  Blec.  Bev.,  vol. 
76,  1920,  p.  215. 

»  See  Oillett,  H.  W.,  tJ.  S.  Patent  1,201,225,  Oct.  10,  1916 ;  compare  also  Crosby,  B.  U. 
U.  8.  Patents  1,336,820,  Apr.  18,  1920,  and  1,867.021,  F)H>.  i*  1921. 
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details  are  made  clear  by  the  photographs.  A  recent  development 
has  been  the  adaptation  of  this  furnace  for  pouring  direct  into  molds 
instead  of  by  a  ladle.  Pates  XVIII  and  XIX  show  direct-pouring 
furnaces  in  process  of  erection,  some  cables,  meters,  etc.,  not  yet  being 
in  place. 

In  this  form  the  furnace  rests  on  the  rollers  in  the  base  shown 
while  melting,  this  form  of  base  having  now  superseded  that  shown 
in  Plate  XV  on  the  ladle-poured  furnace  as  well.  At  pouring  the 
furnace  is  rocked  forward  till  the  bar  in  front  engages  the  sockets 
in  the  front  of  the  base,  and  a  lifting  screw  at  the  rear  is  swung 
into  position  so  that  it  engages  the  rear  hinge.  The  motor-actuated 
screw  then  rises,  lifting  the  furnace  bodily  oif  the  rollers  and  driving 
gears,  so  that  the  furnace  is  then  supported  and  tilted  like  all  direct- 
pouring  or  nose-tilting  furnaces.  The  supporting  bar  in  front  is 
locate  below  the  lowest  position  of  the  spout  during  rocking  and 
hence  does  not  interfere  with  rocking.  Data  on. some  of  the  in- 
stallations of  Detroit  rocking  furnaces  are  given  below. 

FITBVACES  AT  G.   B.   BOHK  FOTTimRY  CO. 

On  a  metal  loss  test  on  60:40  brass,  poured  at  975^  to  1,000°  C. 
(1,790°  to  1,830°  F.),  in  which  heavy  scrap  and  ingot  were  melted, 
14  heats,  28,207  pounds  charged,  gave  27,743  pounds  castings,  48 
pounds  spillings,  and  125  poimds  metal  recoverable  from  skimniings, 
a  net  loss  of  291  pounds,  or  1.03  per  cent. 

Although  the  furnace  was  only  operated  five  to  seven  hours  per 
day  during  this  test,  the  power  consumption  averaged  325  kw.  h.  per 
ton.    The  average  power  input  was  210  kw. 

During  a  period  when  two  furnaces  were  operating,  one  on  two 
10-hour  shifts,  the  other  partly  on  one  and  partly  on  two  shifts, 
412,183  pounds  of  red  brass  and  phosphor  bronze  were  melted  with 
88,360  kw.  h.,  or  433  kw.  h.  per  ton.  The  furnaces  were  run  slowly, 
often  waiting  for  molds,  and  the  time  taken  in  charging,  pouring, 
and  waiting  between  heats  was  excessive,  being  longer  than  the  actual 
heat  itself.  The  actual  running  time  per  1-ton  heat  averaged  about 
one  and  <me-half  hours,  while  the  time  spent  in  charging,  pouring, 
and  waiting  averaged  about  two  hours  per  heat,  although  one-half 
hour  is  ample  if  the  demand  for  metal  is  sufficient  to  allow  running 
the  funiaces  at  full  speed.  Such  operation  is,  of  course,  a  great 
handicap  to  any  furnace.  On  20  tons  melted  in  one  furnace  during 
this  period  the  average  power  consumption  was  375  kw.  h.  per  ton. 
Notwithstanding  that  the  furnaces  were  not  run  at  their  highest 
efficiency,  the  melting  cost  was  lower  than  in  the  coke  fires. 

The  makers  claim  that  the  first  furnace  installed  at  this  plant  made 
savings  in  the  first  18  months  of  its  operation  equivalent  to  five 
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times  its  cost  of  installation;  in  this  period  the  furnace  paid  for 
itself  aad  for  four  other  furnaces  now  installed  at  this  plant. 

FXntKACE    AT    MIOHIOAK   BMELTXKG   AND    BEFZKINO   CO. 

On  a  run  in  which  356,391  pounds  red  brass  were  charged,  344,848 
poun^  of  good  ingot  were  obtained,  a  gross  loss,  including  oil  and 
dirt,  of  12,548  pounds,  or  3.5  per  cent  Of  this  charge  173,551  pounds 
were  borings,  on  which  the  average  loss,  when  melted  alone  in  ooke- 
fired  crucibles,  was  7  per  cent,  or  12,100  pounds. 

The  172  tons  poured  used  52,700  kw.  h.,  or  about  310  kw.  h-  per  ton. 
The  furnace  was  operated  for  two  10>hour  shifts  per  day;  that  is,  a 
^0-hour  operation. 

On  a  run  in  two  furnaces  on  red  brass,  two-shift,  20-hour  opera- 
tion, in  which  497,665  pounds  were  charged,  479,272  pounds  of  good 
ingot  and  3,243  pounds  metal  recovered  from  skimmings  were  ob- 
tained, a  loss  of  15,050  poimxis,  or  3  per  cent,  which  includes  oil,  dirt, 
etc.,  on  the  miaterial  charged.  The  240  tons  poured  used  81,900  kw.  L, 
or  340  kw.  h.  per  ton.  On  6,000  tons  melted  in  rocking  furnaces  in. 
1919  at  this  plant  tHe  average  power  consumption  was  364  kw.  h. 

per  ton. 
The  cost  department  of  this  firm  is  said  to  take  the  melting  cost  in 

the  rocking  furnace  on  20-hour  operation  at  one-half  that  in  the 

coke  fires. 

In  order  to  find  out  whether  it  were  practical  to  melt  a  charge  of 
all  or  practically  all  oily  yellow  brass  borings,  with  no  admixture 
of  heavy  scrap  or  new  metals,  a  test  was  run  in  one  of  the  rocking 
furnaces  of  the  Michigan  Smelting  and  Refining  Co.  The  borings 
used  contained  3.7  per  cent  nonmetallic,  mostly  oil ;  that  is,  they  were 
96.3  per  cent  metallic.  The  composition  of  the  brass  was  approxi- 
mately 62  per  cent  copper,  35  per  cent  zinc,  2^  per  cent  lead,  ^  per 
cent  tin  and  iron. 

Only  1,500  pounds  of  borings  could  be  charged  at  the  start  into 
the  furnace,  which  holds  2,000  to  2,400  pounds  of  ordinary  charges, 
on  account  of  the  bulkiness  of  the  borings.  As  the  1,500  pounds  of 
borings  carried  over  50  pounds  of  oil  and  other  nonmetallic  material, 
say  about  4  gallons  of  oil,  a  good  deal  of  oil  vapor  appeared. 

On  the  first  three  heats  no  attempt  was  made  to  bum  off  the  oil 
after  charging  and  before  starting  the  arc,  and  the  spout  was  not 
plugged  tight  at  any  time  during  the  heat,  being  left  open  to  allow 
the  oil  vapor  to  escape.  The  ^'  safe  rock  "  was  started  after  the  first 
35  to  45  kw.  h.  of  each  heat.  The  furnace  was  warm  at  the  astart 
from  one  previous  heat,  but  was  not  at  full  running  temperature 
throughout  the  furnace  walls,  and  therefore  the  power  consumption 
was  higher  in  the  first  series  of  heats. 
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Table  46. — Test  on  aXlryeXtow  borings  in  rocking  furnace,  spout  open 

throughout  run. 

[Elapsed  time  for  three  beats :  5  hours  and  20  minutes^*!  hoar  and  47  minutes  per  heat] 


Charged. 

Poured. 

Average 
recovery 
from 
skim- 
mings. 

Gross 

metallic 

loss. 

Net 

metallic 

loss. 

Tn 
product. 

Heat  No. 

MetaUfc 

m 
borings. 

Ingot. 

Total 
metalhc. 

Kw.h. 
used. 

1 

Pounds. 

al,444| 

1,444 
l,444i 

Pounds. 

Pounds. 
1,444* 
1,444| 
i;494 

Pounds. 
1,253 
1,262 
1,302 

Pounds, 
75i 
75i 
75j 

Pound*. 

19U 
1821 
192 

Pound*. 
116 
107 
116^ 

Pereeni. 
66.0 
66.5 
66.9 

260 

248 

3 rf..!! 

m 

242 

Total.... 

4,383 

3,817 

226| 

6566 

£339} 

66.5 

d  750 

a  L  500  pounds  oily  borings. 

h  Equal  to  12.9  per  cent. 

c  Equal  to  7.7  per  cent. 

d  Average,  395 lew.  h.  per  ton  poured. 

In  the  next  series  the  furnace  was  rocked  back  and  forth  during 
charging  and  after  charging  to  bum  off  the  oil,  the  spout  was  left 
open  until  the  oil  vapor  no  longer  came  off  in  great  volume  and  then 
was  plugged.  If  the  luting  blew  out  it  was  replaced  until  the  fur- 
nace remained  tight.  Smoky  oil  vapor  continued  to  come  out  of 
cracks  in  the  spout  luting  and  around  the  electrodes  for  some  time 
after  luting  up,  but  no  zinc  flames  appeared  till  the  metal  was  al- 
most ready  to  pour,  when  very  small  zinc  flames  appeared  in  places 
around  the  edges  of  the  charging  door. 

Tablb  47. — Test  on  all-yelloir  borinf/s  in  rocking  furnace,  spout  plugged. 


Heat  No. 


4.. 

5.. 
6.. 
7.. 

8.. 
0.. 
10. 
11. 
12, 
13. 
14. 
15. 
16. 


Total. 


Charged. 


Metallic 

in 
borings. 


Pound*. 

1,444 
1,444 
1,444. 
1,444 
1,444 
1,444 
1,444 
1,444 
1,444 
i;444 
l,44i 
1,444 
l,444i 


I 


Ingot. 


Pounds. 
42 
47 
54 
34 
38 
43 


Total 
metallic. 


19,026| 


Poured. 


Pound*. 
1,361 
1,415 
1,384 
1,372 
1,366 
1,404 
1,447 
1,880 
1,374 
1,344 
1,319 
1,355 
1,373 


Average 
recovery 
from 
skim- 
mings. 


Gross 

metallic 

loss. 


Pound*. 

125i 

76. 

114^ 

10& 

116 

83 

2 

45 

70 

100 

125i 

89^ 

71 


l,123i 


Net 

metallic 

loss. 


Pounds. 

50 

1 

39 

31 

41 

8 

o  78 

2>30 

&5 

25 

50 

14 

h  4 


/  142 


In 
product. 


Per  cent. 
64.0 
63.6 
63.3 
63.4 
63.4 
63.4 
63.8 
63.7 
n.  d. 
62.8 
64.6 
64.0 
n.  d. 


63.8 


Kw.h. 
used. 


210 
200 
195 
195 
200 
190 
206 
210 

C290 
190 
200 
200 

d250 


0  2,730 


•  Furnace  not  completely  drained  on  all  previous  heats. 
bQain. 

c  Furnace  left  idle  for  7  hours  after  most  of  oil  had  been  smoked  off,  but  before  charge  had  begun  to  melt. 
d  Four  hours  between  end  of  heat  15  and  start  of  heat  16.    Total  elapsed  time  for  13  neats,  deductmg  idle 
time  in  heat  12  and  between  heats  IS  and  16, 33  hours,  or  2  hours  and  33  minutes  per  heat. 

*  Equal  to  6.9  per  cent. 
/  Equal  to  0.76  per  cent. 

9  Average,  290  kw.  h.  per  ton  poured,  continuous  or  24-hour  operation. 

As  not  all  the  50  pounds  or  thereabouts  of  oil  and  other  nonmetal- 
lic  materials  present  in  each  heat  volatilized  entirely,  but  much  de- 


222  ELECTRIC  BBASS  FURNACE  PRACTICE. 

composed  and  gave  a  blanket  of  soot  over  the  metal  in  the  furnace, 
much  metal  was  entrained  in  this  soot.  The  soot  and  metal  shot 
skimmed  off  from  each  heat  was  not  kept  separate.  In  the  16  heats 
1,664  pounds  of  this  material  was  skimmed  off,  from  which  321  pounds 
of  large  pieces  were  hand-picked.  TJie  other  1,343  pounds  contained 
66.6  per  cent,  or  884  pounds,  of  recoverable  metal,  a  total  of  1,205 
pounds  or  75^  pounds  per  heat.  The  recovered  metal  thus  amounted 
to  about  5  per  cent  of  the  charge. 

The  net  loss,  obtained  by  weighing  the  empty  ladles  before  pour- 
ing, skimming,  and  weighing  the  ladle  plus  metal,  of  7^  per  cent  in 
the  first  series  and  only  three-fourths  of  1  per  cent  does  not  check 
well  with  that  calculated  on  the  analysis,  which  figures  out  to  about 
9  per  cent  in  the  first  series  and  2J  per  cent  in  the  second.  All  the 
figures,  however,  tend  to  show  that  the  net  loss  is  considerable  when 
the  spout  is  left  open  throughout  the  heat,  and  not  very  high,  for  this 
class  of  material,  when  the  spout  is  plugged  tightly  as  soon  as  the  oil 
is  sufficiently  distilled  off  to  allow  it,  but  before  the  zinc  begins  to  be 
volatilized. 

The  furnace  runs  much  more  slowly,  and  gives  a  much  lower  pro- 
duction when  operated  by  not  running  the  arc  till  the  oil  is  smoked 
off  than  it  would  if  the  oil  were  not  present  and  the  arc  could  be  run 
from  the  start. 

If  the  amount  of  borings  is  small  enough  that  the  heat  of  the  fur- 
nace walls  can  distill  off  all  the  oil  so  quickly  that  little  of  it  decom- 
poses inside  the  furnace  to  form  soot,  production  is  not  much  cut 
down,  as  the  borings  can  be  charged  first  and  the  oil  will  come  off 
while  the  rest  of  the  charge  is  being  put  in.  Mechanical  charging  is 
desirable  in  such  a  case.  The  outrush  of  burning-oil  vapor  makes 
hand  charging  difficult,  though  by  pointing  the  spout  upward  and 
throwing  the  charge  in  with  a  shovel,  the  workmen  can  keep  out  of 
the  flame.  If  the  oil  is  distilled  out  of  instead  of  decomposed  within 
the  furnace  the  entrainment  of  shot  metal  by  the  blanket  of  soot  is 
prevented,  and  the  percentage  of  charge  that  has  to  go  through  a 
recovery  process  is  much  reduced. 

It  is  possible  that  much  better  results  would  be  obtained  on  charges 
of  all  yellow,  oily  borings  if  1,000  pounds  only  were  charged  at  a  time 
in  a  1-ton  furnace.  Red  borings  are  not  so  bulky,  do  not  as  a  rule 
hold  so  much  oil  as  yellow  ones,  and,  because  of  their  greater  com- 
pactness, are  heated  more  quickly  to  the  point  where  the  oil  will  dis- 
till out,  so  that  charges  of  all  red  borings,  even  though  quite  oily,  are 
not  troublesome.  If  500  pounds  were  charged  and  melted,  and  then 
600  pounds  more  charged  and  melted,  followed  by  another  or  perhaps 
two  more  such  charges,  the  escape  of  oil  might  be  hastened.  As  it  is 
generally  poor  policy,  however,  to  charge  a  large  amount  of  cold 
metal  into  a  small  mass  of  hot  metal  on  account  of  the  danger  of 
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freezing  the  whole  charge,  and  as  it  takes  time  to  open  and  close  the 
furnace,  the  use  of  1,000-pound  or  even  smaller  charges  might  be  the 
best  way  to  handle  charges  of  all  oily  yellow  borings  in  the  1-ton 
furnace. 

Melting  this  oily  material  alone  is  about  the  most  disagreeable 
work  the  brass  melter  ever  has  to  do.  The  usual  method  is  to  use 
a  pit  coke-fired  crucible  furnace,  and  to  poke  the  charge  continually 
in  order  to  keep  the  soot  from  preventing  the  coalescence  of  the 
globules  formed  as  the  borings  melt.  The  labor  cost  for  melting  is 
high,  as  a  furnace  tender  can  attend  only  to  few  pots. 

Such  poking  or  rabbling  is  difficult  on  any  large  electric  furnace 
taking  a  large  charge  on  account  of  the  oil  flame.  All  oily  yellow 
borings  have  been  satisfactorily  melted  in  the  small  Ajax-Wyatt  in- 
duction furnace,  by  adding  about  25  pounds  every  10  minutes,  and 
poking  them  in,  but  this  method  also  makes  the  labor  cost  high. 

According  to  the  technical  superintendent'"  of  the  Michigan 
Smelting  and  Refining  Co.,  neither  the  rocking  furnaces  nor  the 
Baily  furnaces,  of  which  four  of  each  are  installed  at  that  plant,  can 
handle  as  well  as  the  coke  fires  charges  of  100  per  cent  oily  yellow 
borings,  the  former  because  of  lowered  production  from  difficulties 
caused  by  the  oil  and  the  latter  because  of  low  production  and  the 
necessity  of  having  a  man  stand  in  front  of  the  furnace  and  rabble 
the  charge  continually.  Such  charges  therefore  are  still  run  in  the 
coke  fires.  Of  the  total  output  of  brass  and  bronze  in  that  plant 
about  60  per  cent,  late  in  1919,  was  being  melted  in  the  four  rocking 
furnaces,  about  30  per  cent  in  the  coke  fires,  and  about  10  per  cent 
in  the  four  Baily  furnaces. 

rnHKAOEB  AT  DETBOIT   OOPFEB  AHD  BRASS  BOLLZKO  XZIXB. 

In  a  test  on  yellow  brass  61J  per  cent  copper,  36  per  cent  zinc,  2J 
per  cent  lead,  at  the  Detroit  Copper  and  Brass  Rolling  Mills,  in  9- 
hour  operation,  14  heats  of  1  ton  each  required  4,085  kw.  h.,  or  about 
290  kw.  h.  per  ton.  On  16-hour,  2-shift  operation,  18  heats  required 
4,500  kw.  h.,  or  250  kw.  h.  per  ton.  On  the  test  runs  the  metal  loss, 
on  yellow  brass,  made  up  of  fairly  heavy  scrap  and  new  metals  (zinc 
charged  at  the  start) ,  ran  from  0.5  to  0.6  per  cent. 

According  to  the  metallurgist  of  this  firm,  in  regular  operation  10 
heats  are  usually  obtained  in  16-hour  operation,  two  8-hour  shifts. 
The  power  consumption  averages  250  kw.  h.  per  ton  or  less,  and  the 
metal  loss  runs  under  1  per  cent.  The  total  electrode  consumption 
is  about  3f  pounds  per  ton.  The  metal  is  said  to  be  mixed  with  ab- 
solute uniformity,  no  greater  difference  in  composition  between  the 
firrt  and  last  metel  poured  being  found  than  between  duplicate  analy- 
ses of  the  same  sample.    That  is,  within  the  limits  of  analytical  er- 

"  Prtvate  communication,  October,  1910. 
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ror  the  mixing  is  perfect.  The  metal  is  poured  direct  from  the  fur- 
nace to  the  molds.  The  first  furnace,  installed  in  an  inconvenient 
location  and  under  rather  unfavorable  conditions,  when  operat;ed  en- 
tirely by  a  negro  crew,  gave  approximately  the  same  labor  costs  as 
on  the  coke  furnaces.  With  a  battery  of  mechanically  charged  fur- 
naces it  is  expected  that  the  labor  cost  will  be  materially  reduced. 

On  another  recent  5^-day  test  at  this  plant  34  tons  were  melted,  6 
heats  of  1  ton  each  being  made  per  9-hour  day,  the  average  power 
consumption  being  about  275  kw.  h.  per  ton,  and  the  net  metal  loss 
0.90  per  cent  on  a  charge  of  half  new  metal,  half  scrap. 

The  original  furnace  at  this  plant  has  been  altered  to  the  direct 
pouring  type,  and  when  the  furnaces  that  are  now  being  installed 
are  in  operation  this  firm  will  have  eight  1-ton  direct-pouring  Detroit 
furnaces.** 

BXttULTB  AT  OKASB  METAL  W0&K8. 

At  the  Chase  Metal  Works,  operating  two  furnaces  on  60 :  40  brass, 
poured  at  2,000®  F.  (1,100®  C.)  or  above,  one  furnace  was  run  one 
8-hour  shift  only,  and  for  170  1-ton  heats  averaged  6,800  pounds  out- 
put per  8  hours,  the  average  power  consumption  being  280  kw.  h. 
per  ton. 

The  other  furnace,  run  two  8-hour  shifts,  averaged  for  100  1-ton 
heats  16,600  pounds  output ;  that  is,  it  melted  8  to  9  tons  in  16  hours. 
The  actual  melting  time  per  heat  was  only  56  minutes,  so  that  by 
speeding  up  the  pouring  and  charging  the  output  could  be  increased 
materially.    The  average  power  consumption  was  225  kw.  h.  per  ton. 

For  127  heats  in  both  furnaces,  the  average  metal  loss  was  1  per 
cent. 

In  the  melting  of  500  tons  of  60 :  40  brass  in  four  furnaces,  this 
plant  later  cut  the  actual  melting  time  to  about  52  minutes  per  heat. 
The  average  power  consumption  was  about  240  kw.  h.  per  ton  and 
the  net  metal  loss  1.02  per  cent,  the  charge  being  one-half  new  copper 
and  zinc,  the  other  half  heavy  scrap  and  briquetted  borings.  Still 
later  figures  on  60 :  40,  24-hour  operation,  showed  on  55  heats  of  all 
clean  metal  an  average  of  225  kw.  h.  per  ton  and  an  output  of  16i 
tons  per  day,  with  33  consecutive  heats  running  at  210  kw.  h.  per 
ton  and  18^  tons  output,  while  on  79  heats  which  contained  about 
25  per  cent  of  oily  borings  the  average  was  265  kw.  h.  per  ton  and 
the  output  12^  tons.  Gross  losses  ran  from  1.85  per  cent  on  clean 
metal  to  4.27  per  cent  on  dirty,  oily  charges.  Net  losses  were  not 
determined. 

^  See  PrentiM,  F.  h..  Direct  roadDg  In  a  modem  brass  plant :  Iroft  A«e,  Tol.  108^  1^21 » 
p.  63. 
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On  charges  of  1,000  pounds  heavy  scrap,  900  pounds  light  scrap, 
the  alloy  melted  bemg  60  per  cent  copper,  37^  per  cent  zinc,  2^  per 
cent  lead,  a  S^-day  run,  working  8  hours  per  day,  at  the  Cleveland 
Brass  and  Copper  Boiling  Mills,  showed  a  production  of  6  heats 
or  5.7  tons  per  day,  a  power  consumption  of  about  220  kw.  h.  per 
ton,  and  a  gross  metal  loss  of  1  per  cent.  The  electrode  consumption 
was  2.4  pounds  per  ton. 

XSTAL  LOSS  COMPARED  WITH  XHAT  IV  OIL  PURHAOE. 

An  interesting  comparison  was  made  by  the  Ford  Motor  Co.  be- 
tween the  composition  of  the  metal  produced  by  the  rocking  furnace 
and  an  open-flame  oil  furnace,  the  same  charge  being  fed  to  both 
furnaces.  The  alloy  desired  was  a  bearing  bronze  of  about  87  per 
cent  copper,  8J  per  cent  tin,  3^  per  cent  zinc,  IJ  per  cent  lead  with 
a  small  amount  of  phosphorus.  The  analysis  for  zinc  and  lead 
showed  the  following  results : 

Table  48. — Comparative  analysis  of  products  from  similar  charges  melted  in 
open-flame  oil  furnaces  and  in  rocMng  electric  furnaces. 


open-flame  oil 

Electric  rocking 

furnace.  . 

furnace. 

Zinc. 

Lead. 

Zinc. 

Lead. 

Percent. 

Percent. 

Percent. 

Percent. 

8.08 

1.73 

3.71 

1.30 

3.08 

1.85 

3.84 

1.70 

1.32 

1.85 

3.82 

1.77 

3.14 

0.99 

3.59 

1.73 

1.55 

1.83 

3.59 

1.73 

2.62 

1.28 

4.08 

1.85 

2.38 

1.65 

4.01 

\.^ 

3.26 

1.31 

4.09 

1.56 

1.21 

1.47 

4.71 

1.73 

2.56 

1.42 

4.18 

1.48 

3.12 

1.59 

4.71 

1.93 

1.16 

1.47 

3.84 

1.60 

2.94 

1.91 

4.38 

1.96 

3.37 

1.39 

4.35 

1.74 

2.11 

1.39 

6.63 

1.56 

4.05 

1.47 

4.25 

1.43 

a  2. 53 

a  1.54 

»  4.05 

^  1.65 

a  Average^-open-Aame  oil  furnace— sine,  2.53  per  cent;  lead,  1.54  per  cent;  total,  4.07  per  cent, 
ft  ATerage— electric  rocking  furnace— zinc,  4.05  per  cent;  lead  1.65  per  cent;  total,  5.70  per  cent. 

An  occasional  variation  may  be  due  to  variations  in  the  individual 
charges,  though  all  charges  to  both  furnaces  were  calculated  to  be 
the  same.  The  lowest  zinc  content  in  the  electrically  melted  metal 
was  higher  than  the  highest  from  the  open-flame  oil  furnace.  As 
the  electrically  melted  alloy  contained  in  100  pounds  94.3  pounds 
of  copper  and  tin  and  5.7  per  cent  lead  and  zinc,  the  metal  ob- 
tained in  the  oil  furnace  from  the  same  amount  of  charge  would 
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contain  94.3  pounds  copper  and  tin  and  3.95   pounds  lead  and 

zinc  1^^1^=4.08  Per  cent,  the  metal  melted  by  oil  gave  &4.3  and 
1598.2 

3.95,  or  98.25  pounds,  from  the  same  weight  of  charge  that  gave  100 

pounds  to  the  electric;  that  is,  the  metal  loss,  calculated  from  the 

average  analysis,  is  1.76  per  cent  more  in  the  open-flame  oil  furnace 

than  in  the  electric.  \ 

In  another  plant  which  also  operated  another  make  of  open-flame 
oil  furnace  and  a  rocking  furnace  on  this  same  alloy,  with  a  charge 
that  contained  25  per  cent  borings  and  grindings,  the  gross  metal 
loss  in  the  oil  furnace  was  foimd  on  test  to  be  2.69  per  cent  and  that 
in  the  rocking  furnace  0.94  per  cent ;  the  rocking  furnace  thus  saved 
again  1.75  per  cent  over  the  open-flame  oil  furnace. 

The  saving  found  in  one  plant,  calculated  by  analysis,  and  that 
found  in  another  plant,  determined  by  weighing,  is  thus  seen  to  be 
exactly  the  same  on  the  same  alloy. 

After  the  test  cited  above  showed  that  the  Ford  Motor  C!o.'s  elec- 
tric furnace  was  giving  a  product  higher  in  zinc  than  was  aimed  at 
owing  to  its  lower  loss,  the  charge  to  the  electric  furnace  was  altered 
to  compensate  for  this  difference,  and  the  following  analyses  on  13 
consecutive  heats  shows  the  imiformity  of  the  product  from  heat  to 
heat: 

Table  49. — Analysis  of  IS  consecutive  heats  from  the  rocking  furnace. 


Coppor. 

Tin. 

Lead. 

Zinc. 

Phosphoraa. 

86.90 

8.35 

1.63 

3.04 

0.015 

87.18 

8.43 

1.00 

3.28 

.020 

86.68 

8.37 

1.37 

3.S6 

.020 

87.24 

8.36 

1.26 

3.10 

.020 

86.84 

8.20 

1.21 

3.73 

.014 

86.94 

8.10 

1.04 

3.01 

.014 

87.80 

7.64 

1.36 

3.20 

.020 

87.16 

8.27 

1.30 

8.26 

.014 

86.96 

8.27 

1.33 

3.43 

.010 

86.82 

7.98 

1.21 

3.96 

.025 

87.20 

8.27 

1.25 

3.27 

.014 

87.12 

8.27 

1.23 

8.36 

.016 

86.80 

8.50 

1.21 

3.30 

.013 

a  87.06 

18.24 

a  1.27 

a3.4a 

a.  0165 

MAXIMl 

[7MDEV] 

ATIONS. 

-a  26 

+  .74 

-a  60 

+  .35 

-a  23 
+  .34 

-a  38 
+  .54 

a  Average. 
FXTEHAOB    AT   FLAKT    OF   AXITlCnnnC   XANVFAOTTrBSU,    ZVO. 

On  40  heats,  2,125  pounds  per  heat,  of  phosphor  bronze,  poured  at 
2,250  to  2,300^^  F.  (1^30  to  1,260"*  C),  a  much  higher  temperature 
than  the  average  plant  requires,  the  average  power  consumption  in 
a  rocking  furnace  at  one  of  the  plants  of  Aluminum  Manufacturers, 
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Inc.,  was  330  kw.  h.  per  ton,  the  furnace  being  operated  9  hours  per 
day.  The  charge  was  poured  in  8  ladles,  each  holding  265  pounds. 
It  took  an  average  of  25  minutes  to  pour,  and  25  minutes  to  charge  a 
heat.  On  account  of  the  long  time  spent  in  charging  and  pouring, 
only  4  heats,  4J  tons,  were  made  in  9  hours.  This  firm  now  has  two 
rocking  furnaces  in  operation. 

FURNACE  AT  ROME  WIRE  CO. 

It  is  claimed  by  the  users  that  the  1-ton  furnace  at  the  Home  Wire 
Ck).,  melting  cabbaged  copper  wire  and  scrap  copper  into  wire  bar, 
operating  10  hours  per  day,  produced  100  per  cent  conductivity, 
Mathiesen  scale,  metal  at  280  kw.  h.  per  ton  with  an  output  of  6 
tons  per  day.  The  furnace  requires  expert  operation  to  give  as  good 
a  performance  as  this  on  copper.  This  firm  has  discontinued  that 
part  of  their  manufacturing  work  for  which  they  were  using  the 
furnace,  so  that  this  furnace  is  no  longer  in  use. 

FITRNACE   AT  PLANT   OF  MICHIGAN  LTTBRIOATOR   CO. 

A  time  analysis  on  18  heats  of  brass  containing  73  per  cent  copper, 
18  per  cent  zinc,  4  per  cent  tin,  5  per  cent  lead,  melted  in  a  rocking 
furnace  at  the  plant  of  the  Michigan  Lubricator  Co.,  showed  that 
the  average  time  used  in  a  heat  for  the  different  operations  was  as 
follows : 

Minutes.  Remarks. 

Opening  furnace  door 2     Metal  Is  poured  with  charging  door  in. 

Cleaning  out  dross  and  slag 2i 

Charging Hi 

Rocking — no  arc  on 8}  This  to  drive  out  oil  as  charges  con- 
tained oily  borings. 

Clearing  charge  away  from  elec-  Rocking  to  drive  out  oil  may  bring  the 

trodes 2i         charge   so   close   to    the   electrodes 

that  there  is  danger  of  overheating 
before  rocking  is  started,  so  any 
metal  lying  too  close  to  the  arc  is 
pushed  away. 

Closing  and  luting  door 2) 

Running  arc — furnace  not  rocked.  27^  j    Average  power  input  to  arc  about  240 

Running  arc — furnace  rocked 621  j       kw.  while  it  is  running. 

Pouring 28 

Adjusting  electrodes  and  all  fur-  Included  time   spent  at  end  of  day 

nace  maintenance 6         taking  out  and  cleaning  electrodes 

to  prevent  sticking,  as  well  as  tak- 
ing a  fresh  grip  on  electrodes  with 
holders,    oiling    bearings,    and    all 

Total,  2  hours  88^  minutes.  other  furnace  maintenance. 

It  thus  takes  10  hours  for  4  heats,  2,040  pounds  per  heat,  poured 
at  about  1,100°  C.  When  the  charge  does  not  contain  oily  borings, 
it  does  not  have  to  be  left  with  the  arc  off  for  oil  to  smoke  out,  does 
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not  have  to  be  cleared  away  from  the  electrodes,  the  arc  holds  better 
than  it  does  in  the  atmosphere  of  oil  vapor  so  that  a  higher  kHowatt- 
hour  input  can  be  held;  there  is  no  blanket  of  soot  on  top  of  the 
metal  to  slow  up  the  absorption  of  heat,  therefore  5  heats  can  be 
made  in  9^  hours.  A  sixth  heat  could  be  made  by  speeding  up  the 
pouring  time.  On  a  4:-day  run,  20  heats,  the  power  consumption  was 
315  kw.  h.  per  ton ;  on  another  4-day  run,  16  heats,  with  oily  borings 
present,  so  that  only  4  heats  per  day  were  made,  the  power  consump- 
tion averaged  860  per  ton.  The  last  heats  of  the  day,  under  the 
condition  that  would  hold  in  24-hour  operation,  came  out  at  300  to 
315  kw.  h.  per  ton  when  borings  were  used,  and  260  when  they  were 
not  used.  On  another  run  on  the  18  per  cent  zinc  alloy,  melting  37 
tons  in  7  working  days,  5  heats  in  9  hours,  the  power  consumption 
was  about  315  kw.  h.  per  ton,  the  electrode  consumption  3.2  pounds 
per  ton,  and  the  gross  metal  loss  2.5  per  cent  on  a  charge  of  45  per 
cent  gates,  scrap,  lead,  and  copper,  and  55  per  cent  borings.  The 
average  nonmetallic  in  the  charge  was  1.6  per  cent,  making  the  net 
metallic  loss  0.9  per  cent. 

FXr&VAOE   AT    SHERWOOD   BRASS   FOTTRDRT. 

On  a  60-ton  run  of  red  brass,  86  per  cMit  copper,  5  per  cent  tin, 
5  per  cent  zinc,  5  per  cent  lead,  in  one  of  the  1-ton  rocking  furnaces 
at  the  Sherwood  Brass  Foundry,  the  charge  being  mostly  ingots  and 
gates,  the  average  output  was  4f  tons  in  9  hours,  20  minutes,  or  1,000 
pounds  per  hour,  elapsed  time,  including  all  delays. 

The  power  consumption  was  about  345  kw.  h.  per  ton.  In  melting 
51  tons,  170  pounds  electrodes  were  actually  consumed  and  34  poimds 
broken  and  discarded,  total  204  pounds,  or  4  pounds  per  ton. 

The  other  1-ton  rocking  furnace  at  this  plant,  on  17  tons  of  leaded 
bronze  (82  per  cent  copper,  10  per  cent  tin,  8  per  cent  lead,  trace 
phosphorus),  from  a  charge  containing  20  per  cent  borings,  showed 
an  output  of  825  pounds  per  hour,  elapsed  time,  including  a  good  deal 
of  waiting  for  molds,  and  used  about  330  kw.  h.  per  ton.  The  total 
electrode  consumption  was  4.1  pounds  per  ton.  On  24  tons,  partly  of 
this  alloy  and  partly  of  red  brass,  the  output  was  890  potmds  per 
hour,  the  power  consumption  330  kw.  h.  per  ton,  and  the  electrode 
consumption  5.1  pounds  per  ton.  A  third  furnace  has  since  been 
installed. 

rXTRHAOE  AT  PLAKT  OF  DEKHY-RINE   00. 

A  1-ton  rocking  furnace  operated  in  1919  at  the  plant  of  the  Denny- 
Rine  Co.,  Chicago,  making  ingot,  on  24-hour  operation,  on  an  alloy 
of  83  per  cent  copper,  3  per  cent  tin,  4  per  cent  lead,  10  per  cent 
zinc,  made  up  of  bulky  scrap  and  30  per  cent  oily  yellow  borings, 
the  charge  being  so  bulky  that  only  1,600  pounds  could  be  charged 
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into  the  1-ton  furnace,  gave  20  beats,  or  16  tons,  in  24  hours,  at 
about  270  few.  b.  per  ton,  with  a  gross  metal  Joss  of  3.8  per  cent  on 
B  charge  containing  2.9  per  cent  of  oil,  dirt,  and  other  nomnMallic, 
or  0.7  per  cent  net  metal  loss. 

On  24-hour  operation  on  2^00- pound  charges  of  all  red  brass  bor- 
ings, 21  to  22  tons  were  produced  in  24  hours,  at  about  240  kw.  b. 
per  ton.  The  electrode  cousumption  was  2^  pounds  per  ton  on  24- 
hour  operation  and  3J  pounds  per  ton  on  single-shift  operation. 

During  the  period  February  1  to  September  1,  1919,  it  is  said  that 
the  power  consumption  per  ton  of  metal  shipped  from  this  plant 
was  290  kw.  h.  per  ton.  This  period  included  both  24-houi  and  1- 
hour  shift  operation.  The  lining  life  was  600  heats  on  intermittent 
operation.  This  company  sold  its  plant  to  the  Hills-MoCanna  Co., 
which  now  operates  the  500-pound  furnace  formerly  used  by  the 
Denny-Rine  Co.  The  furnace  used  by  the  Denny-Rine  Co.  is  now 
the  property  of  the  Parrisb-Pool  Co.,  of  Cleveland,  which  also  oper- 
ates two  other  1-ton  Detroit  furnaces. 

A  test  on  leaded  bearing  bronze  made  in  the  Denny-Rine  Co.'s 
furnace  shows  bow  lead  is  absorbed  by  a  hearth  until  the  hearth 
becomes  saturated  with  it,  and  also  shows  the  uniformity  of  the 
alloy  produced  by  the  rocking  furnace. 
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FOSSAOK   AT    OEHERAL   AX-TnOXVU  AITO  BSABS   XANUTACTTTSIKO    GO, 

On  a  test  of  red  brass  8S  per  cent  copper,  5  per  cent  each  of  lead, 
tin,  and  zinc  (38  per  cent  new  metal  and  ingots,  38  per  cent  foundry 
scrap,  24  per  cent  borings) ,  34  tons  were  melted  in  60  working  hours. 
Six  14on  heats  were  made  in  9  hours  and  7  in  10  hours.  The  weight 
of  charge  was  68,404  pounds  and  68,101  were  poured,  a  gross  loss 
of  303  pounds  or  0.44  per  cent.  The  daily  gross  loss  varied  from 
0,3  per  cent  to  0.7  per  cent.  The  average  electrode  consumption  was 
3.5  pounds  per  ton.  About  9,880  kw.  h.  were  used,  an  average  of 
68723°— 22 16 
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about  290  kw.  h.  per  ton.  The  average  pouring  temperature  was 
1,140**  C.  (2,085**  F.).  The  power  consumption  at  the  end  of  a  day's 
run  was  about  250  kw.  h.  per  1-ton  heat.  A  second  furnace  is  now 
in  use  by  this  plant. 

FVaKAOE  AT  BBIDGEPORT  BRASS  00. 

A  Detroit  furnace  used  at  the  Bridgeport  Brass  Co.,  operating  on 
pure  copper  and  copper-tin  alloys,  had  some  trouble  from  short  life 
of  the  refractory  lining,  but  a  recent  communication  ^^  from  this  firm 
says :  "  We  have  recently  been  getting  very  satisfactory  results  as  we 
have  largely  remedied  the  lining  troubles  that  we  previously  had." 

FiniHAOE    AT   WHEELER    OONSEVSER   AVX>    EReiNEERIVO    00. 

This  furnace  was  at  first  handicapped  by  the  line  voltage  falling 
lower  than  was  expected,  with  the  result  that  the  furnace  could  take 
only  about  200  kw.  Production  was  retarded  and  the  i)ower  con- 
sumption raised.  On  150  tons  of  60:40  brass,  10-hour  operation, 
with  a  good  many  days  when  the  furnace  was  not  run  owing  to 
troubles  with  the  power  supply,  and  when  as  a  result  unusual  pre- 
heating was  involved,  the  power  consumption  ran  something  under 
400  kw.  h.  per  ton,  and  the  gross  metal  loss  was  0.91  per  cent.  The. 
charges  were  practically  all  light  scrap  and  each  contained  100 
pounds  of  recovered  concentrates  which  carried  some  nonmetallic. 

On  25  tons,  melted  later,  of  60:40  alloy,  10-hour  operation,  a 
Monday  morning  preheat  being  included,  the  power  consumption 
was  about  250  kw.  h.  per  ton.  In  a  94-hour  continuous  run,  melting 
87  tons  of  copper,  the  gross  loss  was  0.34  per  cent,  and  the  power  con- 
sumption was  about  375  kw.  h.  per  ton.  All  these  runs  were  handi- 
capped by  the  low  power  input. 

riTRKAOE  AT  WHITE  AKD  BROTHER. 

On  the  first  97  tons,  both  red  and  yellow,  10-hour  operation,  the 
power  consumption  was  around  350  kw.  h.  per  ton.  The  latter  part 
of  the  run  gave  around  300  kw.  h.  per  ton.  If  given  in  terms  of  the 
furnace  kw.-h.  meter  all  the  power  consumption  figures  on  the  Detroit 
rocking  furnaces  cited  in  this  report  have  been  corrected  to  include 
the  losses  in  transformers  and  secondary  leads  in  order  to  include 
all  the  power  used. 

The  power  factor  of  these  rocking  furnace  installations  including 
transformers  is  usuaDy  better  than  80,  though  McMicken  *•  cites  one 
installation  with  an  over-all  power  factor  of  but  72. 

Prices  of  the  Detroit  rocking  furnace,  quoted  February  24,  1920, 
east  of  the  Rockies,  are  f .  o.  b.  Detroit,  as  follows :  500-pound  size, 
$6,500;   1,000-pound  size,  $8,500;   1-ton  size,  $11,500.     Automatic 

<i  Webster,  W.  R..  personal  commanLcatian.  Aug.  24,  1921. 
«>  McMicken,  A.  C.,  Elec.  World,  vol.  76.  1920.  p.  1261. 
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electrode  control  costs  about  $750  additional  and  a  nose-tilting  device 
for  the  1-ton  furnace  costs  $1^50  additional. 

These  figures  include  transformer,  reactance,  oil-switch,  and  its 
remote  control  operating  device,  switchboard  complete  with  watt- 
meter and  watthour-meter,  contactors,  rocking  motor,  worm-gear 
reduction  drive,  rocking-control  device,  etc.  Hyatt  roller  bearings 
are  supplied  on  all  .principal  bearings. 

LIFE  or  LIKZNO  IK  THE  SOOXIVO  FTnUTAOE. 

The  general  average  of  the  life  of  the  lining  in  the  1-ton  rocking 
furnace  is  given  as  about  350  heats  though  600.  to  800  heats  are  not 
uncommon.  One  plant,  pouring  at  about  1,250°  C.  (2,275°  F.), 
has  obtained  only  about  125  heats,  in  one  case  getting  only  25. 
Oddly  enough  the  brick  used  in  the  lining  that  ran  but  25  heats 
was  from  the  same  shipment  as  a  lining  that  ran  737  heats  in 
another  1-ton  furnace  at  another  plant. 

The  cost  of  the  inner  course  of  corundite  brick,  which  is  all  that 
need  normally  be  replaced  when  relining  is  done,  is  given  (Mar.  1, 
1920)  as  about  $100,  and  the  labor  for  relining  about  $50.  Graphite 
electrodes  cost  about  25  cents  per  pound. 

PERFOEXANOE   OF   SXALLER   SIZES  OF  BOOXIKO  FVRKAOE. 

Only  scanty  data  are  available  on  the  performance  of  the  smaller 
sizes.  The  1,000-pound  furnace  at  the  Oregon  Brass  Works,  oper- 
ated to  average  5  heats,  or  2^  tons  in  8  hours,  gave  an  average  power 
consumption  of  350  kw.  h.  per  ton  on  60  heats  of  red  brass,  gun 
metal,  and  leaded  bronze.  This  size  has  not  been  operated  on  24- 
hour  service,  but  the  figures  for  the  last  heats  of  the  day  indicate 
that  it  would  run  at  about  250  kw.  h.  per  ton. 

The  500-pound  furnace  at  the  Hills  McCanna  Co.,  operated  to  give 
four  heats,  or  1  ton  in  8  hours,  used  about  385  kw.  h.  per  ton  on  red 
brass.  On  14  heats,  the  furnace  being  operated  *only  for  2  or  3 
heats  on  most  of  the  days,  the  power  used  was  425  kw.  h.  per  ton. 
From  the  last  heats  of  the  day,  it  is  indicated  that  this  size  would 
take  about  300  kw.  h.  per  ton  on  24-hour  operation.  According  to 
later  data,"  when  operated  to  give  6  heats  (li«  tons)  in  9  hours, 
the  furnace  takes  around  315  kw.  h.  per  ton,  measured  on  the  sec- 
ondary side  of  the  transformer  or,  say,  about  340,  measured  on  the 
primary.  By  cutting  down  the  delays  between  heats,  7  heats,  If 
tons,  can  be  made  in  9  hours,  and  the  primary  power  consumption 
would  be  about  325  kw.  h.  per  ton.  On  24-hour  operation,  it  ap- 
pears from  the  last  heats  of  the  day,  the  power  consumption  should 
fall  to  about  275  kw.  h.  per  ton. 

^  DiUer,  H.  E.,  Adapt  Ingot  foundry  to  castings.  Foundry,  vol.  48,  1020,  p.  606. 
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In  May  and  June,  1920,  the  furnace  being  operated  to  give  from  2 
to  6  heats  a  day,  averaging  about  4,  the  average  output  was  346 
pounds  per  hour,  at  374  kw.  h.  per  ton,  measured  on  the  secondary, 
that  is,  about  400  on  the  primary.  The  Chapman  Valve  Manufac- 
turing Co.,  Indian  Orchard,  Mass.,  is  installing  a  furnace  like  the 
regular  500-pound  size,  but  with  a  thinner  lining,  so  as  to  hold  750 
pounds  of  metal,  and  provided  with  a  125-kw.  transformer. 

BOOKIKO   rUBKAOE    tTSED   IK  PKEPAKATIOK    OF   AZVUXSVU   STEEL  AVD 

OBAT    IBON. 

The  Michigan  Steel  Castings  Co.  installed  a  1-ton  rocking  furnace 
for  use  as  a  mixer  in  making  up  an  experimental  series  of  alloys 
consisting  of  a  low-carbon  steel  containing  12  to  20  per  cent  aluminiun 
and  0  to  1  per  cent  titanium.  It  was  hoped  that  such  alloys  might 
be  useful  where  a  material  resistant  to  oxidation  at  high  temperatures 
is  required. 

The  furnace  was  operated  intermittently;  for  example,  the  cold 
furnace  would  be  raised  to  a  red  heat  by  the  use  of  about  240  kw.  h., 
200  pounds  aluminimi  charged,  melted,  and  held  by  the  use  of  50 
kw.  h.  till  the  steel  was  ready  to  add,  then  700  to  750  pounds  of 
molten  steel  from  a  Heroult  furnace  was  added,  40  pounds  ferro- 
titanium  charged,  and  the  furnace  rocked  15  to  20  minutes,  using  75 
to  100  kw.  h.  before  pouring  the  resultant  alloy. 

The  furnace  was  said  to  give  thoroughly  mixed  metal  of  uniform 
analysis,  and  to  allow  controlling  the  pouring  temperature,  about 
2,900°  F.  (1,600°  C.)  satisfactorily.  The  ordinary  corundite  lining 
used  was  not  attacked  in  the  25  experimental  heats  run ;  instead  there 
was  slowly  built  up  an  accretion  of  slag  or  dross,  which,  on  being 
chipped  off,  left  the  lining  underneath  in  good  condition. 

In  the  casting  and  use  of  these  alloys  some  difficulties  were  found 
which  required  further  experimental  work  on  the  properties  of  the 
alloys  themselves.  No  commercial  use  therefore  has  been  made  of 
the  furnace  for  this  purpose. 

The  Homestead  Valve  Mfg.  Co.,  Homestead,  Pa.,  has  installed  a 
1-ton  Detroit  furnace  with  automatic  electrode  control  to  melt  gray 
iron  and  semisteel.  Another  1-ton  furnace  for  the  same  purpose  is 
being  installed  by  the  Russell  Wheel  and  Foundry  Co.,  Detroit,  MicK 

According  to  tests  on  melting  gray  iron,  it  appears  that  the  furnace 
will  produce  about  5  tons  in  a  10-hour  day,  at  around  500  kw.  h.  per 
ton.  Tensile  tests  of  metal  of  around  2.75  per  cent  C,  1.50  to  1.70 
per  cent  Si,  0.50  per  cent  Mn,  0.06  per  cent  S,  0.45  per  cent  P  gave 
about  42,000  pounds  per  square  inch.  As  high  as  70  per  cent  borings 
and  turnings  were  successfully  used. 
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DETROIT  FVRKAOE  XZLTIVO  ALVXIlfTriC. 

A  150-kw.  Detroit  furnace,  with  a  thinner  lining  than  the  regular 
150-kw.  brass  furnace,  so  as  to  give  a  capacity  of  1,000  to  1^200  pounds 
of  aluminum  has  been  installed  for  aluminum  melting  by  the  Storm 
Peak  Potash  Co.,  Denver,  Colo.,  but  no  data  are  yet  available  on  its 
performance. 

TTNIVEBSAL  EKGINEEBING  COBF.  BOCXINa  FTJBKACE. 

The  Universal  Engineering  Corp.,  Balthnore,  Md.,  applied  early 
in  1919  for  a  license  to  manufacture  rocking  furnaces  for  sale 
under  the  Bureau  of  Mines  patents  and  built  a  furnace  at  the  plant 
of  Jos.  Brenner  &  Co.,  Hagerstown,  Md.,  the  drawings  for  which 
show  that  the  design  embodies  many  of  the  improvements  worked  out 
by  the  Detroit  Electric  Furnace  Co.  over  the  bureau's  experimental 
furnace,  apparently  differing  only  in  minor  details  of  design  from 
the  Detroit  furnace. 

The  furnace  was  operated  in  August,  1919,  and  was  reported  by 
the  electrical  engineer  of  the  Universal  Engineering  Corp.  as  work- 
ing very  well,  but  as  having  some  minor  faults  in  mechanical  con- 
struction. Late  in  October  the  electrical  engineer  reported  it  had 
been  decided  practically  to  rebuild  the  furnace  and  to  correct  all  the 
faults  of  construction  that  had  yet  been  discovered  before  submitting 
the  furnace  for  the  inspection  and  test  by  the  Bureau  of  Mines  that 
must  be  made  before  a  license  to  sell  the  rocking  furnace  can  be 
issued.  No  quantitative  data  on  the  performance  of  the  furnace  has 
been  submitted  to  the  bureau,  but  it  was  stated  that  in  the  first  trials 
yellow  brass  scrap  was  melted,  and  then  skimmings  were  tried,  the 
recovery  of  metal  being  so  high  that  the  furnace  was  kept  at  this 
work  for  some  time,  though  some  trouble  was  met  by  the  slag  building 
up  onto  the  lining.  The  furnace  was  then  used  for  recovery  of  lead 
residues.  The  furnace  is  said  to  have  operated  for  a  period  of  8 
months  on  a  conindite  lining  in  such  service.  How  nearly  continuous 
the  operation  was  during  that  period  is  not  known.  Repeated  re- 
quests to  the  Universal  Engineering  Corp.  for  data  on  the  per- 
formance of  the  furnace  failed  to  secure  any  data  whatever,  and 
since  the  work  with  the  furnace  appeared  to  have  ceased,  notification 
was  sent  to  that  firm  by  the  Director  of  the  Bureau  of  Mines  in  July, 
1920,  that  in  view  of  the  firm's  failure  to  supply  data  and  to  continue 
development  of  the  furnace,  cooperation  of  the  bureau  was  at  an  end 
and  a  license  would  not  be  issued. 

BEVOLVING  BBASS  7TJBNACE. 

In  1917  one  revolving  oil-fired  open-flame  brass  furnace  was  put 
on  the  market  **  and  another  **  was  advertised  late  in  1919. 

^AnoDymous,  A  noncruclble  revolting  fnrnace,  Metal  Ind.,  toU  16,  1918,  p.  38. 
^AnoDymous,  A  continuous  revolving  noncrucible  metal  melting  furnace.  Metal  Ind., 
VOL  17,  p.  408,  1919. 
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Following  publication  of  the  experiments  of  the  Bureau  of  Mines 
with  the  rocking  type  of  furnace,  and  the  successful  commercial  use 
of  the  Detroit  furnace,  the  idea  of  moving  an  electric  brass  furnace 
while  running  was  taken  up  by  various  designers  and  buildiers  of 
electric  brass  furnaces  and  applied  to  various  furnaces,  on  the  opera- 
tion of  which  very  little  information  is  yet  available. 

The  gyrating  or  revolving  Thomson  zigzag-resistor  furnace  de- 
sign and  the  Harvey  revolving-furnace  design  have  already  been 
described.  Another  furnace,  the  Booth,  has  been  designed,  in  which 
the  furnace  is  revolved  in  one  direction  instead  of  rocked  back  and 
forth.  The  Bureau  of  Mines  considered  the  complete  revolution  of 
the  furnace  instead  of  rocking  it,  and  the  use  of  a  taphole,  as  well 
as  the  use  of  more  than  one  set  of  electrodes  for  polyphase  current, 
as  wiU  be  seen  from  the  patents,^®  but  did  not  construct  a  rotating  or 
revolving  form  of  furnace  for  the  following  reasons:  First,  con- 
tinuous rotation  of  the  furnace  involves  the  use  of  some  sort  of  a 
sliding  contact  in  the  electrical  circuit  which  is  not  extraordinarily 
difficult  to  handle  on  a  small  furnace  taking,  say,  only  100  kv.  a. 
though  even  in  the  smaller  furnaces  trouble  would  be  expected  in 
the  maintenance  of  such  contacts  amid  the  dust  and  dirt  of  a  foundry. 
But  in  a  furnace  of  sufficient  capacity  to  make  it  generally  useful, 
as  a  1-ton,  300-kv.  a.  furnace,  the  use  of  a  moving  contact  to  carry 
a  current  of  around  2,500  amperes  hardly  appear^  to  be  desirable. 

There  must  also  be  a  revolving  joint  in  the  water  line  to  the  elec- 
tro coolers,  which  must  be  carefully  maintained  to  keep  it  from 
leaking.  The  pains  taken  by  Stassano  *^  to  construct  his  later  forms 
of  the  moving  Stassano  furnace  to  allow  the  use  of  cables  and  water 
connections  having  a  permanent  and  solid  connection  in  place  of  the 
brushes,  slip-rings,  etc.,  used  in  the  early  rotating  form,  shows  the 
conclusions  reached  on  this  point  in  attempts  to  employ  a  sliding  con- 
tact on  a  large  electric  furnace  under  foundry  conditions. 

Second,  a  furnace  which  admits  only  of  continuous  rotation  in  one 
direction  can  not  be  started  in  motion  when  it  contains  a  partly  solid 
charge  containing  heavy  ingots  or  chunks  of  metal,  as  these  may  be 
carried  up  by  the  motion  of  the*  furnace  so  far  that  they  do  not  fall 
until  they  are  over  the  electrodes,  and  when  they  do  fall,  they  hit  the 
electrodes  and  break  them.  On  a  charge  of  all  borings,  the  furnace 
could  be  rotated  with  comparative  impunity,  as  the  borings  might  be 
too  light  to  break  the  electrodes,  but  on  an  ingot  charge,  it  is  neces- 
sary either  to  use  a  charge  far  under  the  proper  capacity  of  the  fur- 
nace or  to  wait  till  the  material  is  almost  all  melted  before  starting  to 

•Glllctt,  n.  W..  and  Ix)hr.  J.  M.,  U.  8.  Patont  1.201.224.  Oct.  10,  191G. 
^  Schmeli,  B.  M.,  A  new  electric  steel  caetinff  plant :  Met.  and  Otaen.  Kng.,  vol.  Ih 
1913,  p.  709 ;  Staasano,  E..  IT.  8.  Patent  1,024,067,  Apr.  30,  1912 ;  1,069,499,  Apr.  22, 
'3;  1,106,869,  Aug.  4,  1914. 
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rotate.  Inspection  of  figure  32  will  show  how  rotation  of  the  furnace 
past  a  certain  point  in  the  first  three  or  four  views  would  cause  the 
ingots  to  tumble  over  on  the  electrodes. 

On  alloys  high  in  zinc  it  is  esseptial  that  the  furnace  start  to  move 
as  soon  as  an  appreciable  quantity  of  molten  metal  has  accumulated 
so  that  any  of  it  which  has  become  pocketed  under  the  arc  may  be 
poured  out  of  the  pocket.  If  it  is  retained,  it  becomes  superheated, 
just  as  in  any  stationary  indirect-arc  furnace,  and  the  pressure  of 
zinc  vapor  becomes  so  great  that  the  furnace  can  not  be  kept  tight, 
and  loss  of  zinc  ensues.  Just  as  it  was  found  that  the  GOO-pound 
Snyder  furnace  could  be  kept  tight  on  an  alloy  high  in  lead,  though 
the  1-ton  furnace  could  not,  so  the  difficulty  of  keeping  an  indirect- 
arc  furnace  tight  on  alloys  high  in  zinc  increases  as  the  size  increases. 
A  1-ton  furnace  melting  60 :  40  brass  can  be  operated  only  with  great 
difficulty,  if  at  all,  unless  the  stirring  of  the  m^al  by  rocking  is  begun 
long  before  enough  of  the  charge  has  melted  to  allow  wide  rocking 
of  the  furnace  without  breaking  the  electrodes.  Hence  the  rocking 
furnace  has  been  provided  with  means  for  varying  the  rocking  angle 
from  the  "  safe  rock  "  to  the  "  full  rock  "  as  the  melting  progresses. 

These  reasons,  and  various  other  minor  ones  having  to  do  with 
convenience  in  operation,  were  sufficient  to  outweigh  the  two  advan- 
tages of  complete  rotation:  (1)  The  washing  of  all  the  furnace  wall 
with  metal  instead  of  about  90  per  cent  of  it ;  (2)  the  greater  stability 
of  a  solid  lining  instead  of  one  pierced  by  the  opening  for  the  charg- 
ing door. 

BOOTH  BEVOLVING  FURNACE. 

The  Booth  ^®  furnace  is  a  rotating  indirect-arc  furnace,  which  in  a 
250-pound  size  was  first  tried  out  at  the  plant  of  Leitelt  Bros.,  Chi- 
cago, the  first  heat  being  made  on  May  17,  1919.  A  500-pound  size 
of  this  furnace  is  shown  in  Plate  XX,  B^  and  a  1-ton  size  in  Plate 
XX,  ^ ;  it  is  a  horizontal  cylinder  mounted  on  rollers  and  with  the 
electrodes  entering  on  the  horizontal  axis,  adjustable  by  electrode 
holders,  the  design  closely  resembling  that  of  the  rocking  furnace 
save  that  the  metal  is  tapped  from  one  end  and  charged  from  the 
other  by  opening  a  door  which  carries  one  electrode  and  its  holder. 
This  method  of  tapping  and  charging  has  been  criticised  as  incon- 
venient by  some  users.  Current  is  carried  to  the  electrodes  by  flexible 
leads  connected  to  two  bronze  shoes  on  the  shell  and  insulated  from 
it  which  take  current  from  the  main  cables  by  sliding  contacts, 

*•  Booth,  C.  H.,  The  Booth  electric  rotating  brass  furnace.  Iron  Age,  vol.  103,  1919,  p. 
1699;  Metal  Ind.,  vol.  17.  1919,  p.  317,  vol.  18,  1920,  p.  456;  Chem.  Met.  Eng.,  vol.  21, 
1919,  p.  687;  Foundry,  vol.  18,  1920,  p.  994;  Booth,  W.  K.,  U.  S.  Patent  1.332,'796, 
Mar.  2,  1920,  and  1,380,767,  June  7,  1921 ;  Harper,  C.  W.,  U.  S.  Patent  1,336,073,  Jan. 
18,  1921. 
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The  makers  of  the  furnace  say  that  when  turnings  or  similar  ma- 
terials are  melted,  rotation  can  be  started  at  once;  but  when  ingots 
are  melted  rotation  must  be  delayed  till  the  metal  is  partly  melted 
in  order  to  avoid  electrode  breakage.  Emphasis  is  laid  c»i  the  fact 
that  a  small  furnace  of  this  type  could  be  lifted  off  bodily  and  car- 
ried to  the  molds  for  pouring  by  a  crane ;  it  is  not  known  whether 
this  has  been  actually  tried. 

The  output  of  a  250-pound  furnace  is  given  as  1  ton  in  7^  to  8 
hours,  and  the  power  consumption  is  stated  to  be  as  low  as  240  kw.  h. 
per  ton  with  the  furnace  hot;  300  kw.  h«  per  ton  is  claimed  on  8-hour 
operation,  and  a  lining  life  of  600  to  1,000  heats  is  claimed. 

Metal  losses  are  low ;  dirty  concentrates  from  floor  sweepings  that 
give  30  to  40  per  cent  loss  in  crucibles  showed  17|  per  cent  gross  loss. 
Yellow  brass  turnings  have  been  melted  with  a  gross  loss  of  1^  per 
cent ;  yellow  ingot  with  1  per  cent,  and  red  brass  and  bronze,  below 
1  per  cent. 

On  individual  heats  of  clean,  yellow,  and  red  brass,  in  which 
great  care  was  taken  not  to  overheat  the  metal,  figures  of  0.4  per 
cent  and  0.22  per  cent,  respectively,  were  obtained.  A  test  on  the 
260-pound  furnace  on  red  brass  showed  a  production  of  2,000  pounds 
in  9  hours,  at  400  kw.  h.  per  ton  with  an  electrode  consumption  of 
8  pounds  per  ton  and  a  metal  loss  of  0.76  per  cent.  Further  data 
on  the  operation  of  the  250-pound  Booth  furnace  at  Leitelt  Bros, 
has  been  given.^*  In  the  month  of  June,  1919,  the  furnace  run  on 
one-shift,  9-hour  operation,  melted  35,215  pounds,  averaged  480  kw. 
h.  per  ton,  and  used  4  pounds  graphite  electrodes  per  ton.  The 
power  factor  of  the  furnace  installation  itself,  on  the  secondary  side 
of  the  transformer,  was  70  to  71  per  cent ;  that  on  the  primary  side, 
including  the  transformer,  was  63  per  cent.  This  power  factor  is 
so  low  that  it  involves  a  power  factor  penalty  in  most  power  con- 
tracts. It  was  made  so  low  in  order  to  make  the  arc  maintain  itself 
with  the  least  attention,  so  that  the  operator  would  not  be  forced 
to  stay  at  the  furnace  all  the  time  for  adjustment  of  the  arc.  As  the 
output  of  a  250-pound  furnace  is  so  low,  the  labor  cost  with  one 
man  per  furnace  would  become  excessive.  Another  way  out  of  the 
dilemma  would  be  to  attach  a  device  for  automatic  electrode  control. 

During  two  weeks'  operation  in  June  the  following  metal-loss  data 
were  obtained : 


Red  brass 

Yellow  brass 

Yellow  brass  boriiigs. 


Cbarged. 


Pound*. 
14,787 
1,961 
406 


Obtained. 


Potmdi. 
14,067 
1,933 
3S0 


Lobs. 


P<mnd$. 

120 

28 

58 


Pereenl. 
0.81 
1.40 
14.21 


^Electric  bra8«i  furnace  reduoes  foundry  costs,  Elec.  World,  vol.  74,  1919,  p.  1107. 
Fonndry  test  of  rotating  furnace,  Chem.  and  Met.  Eng.,  yol.  22,  1920,  p.  136. 
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The  borings  were  said  to  contain  6J2S  per  cent  oil  and  5.38  per  cent 
nonmetallic,  or  13.66  per  cent,  leaving  a  net  metal  loss  of  0.55  per 
cent. 

The  power  consumption  on  this  two  weeks'  run  was  441  kw.  h.  per 
ton.  Booth  ^®  states  that  the  250-pound  rotating  furnace  linings  have 
lasted  550  to  600  heats  and  claims  for  the  500-pound  size,  in  9-hour 
operation,  an  output  of  3,800  pounds  of  red  brass  at  310  kw.  h.  per 
ton.  In  a  run  of  one  month,  during  which  40  tons  were  melted,  the 
power  consumption  was  370  kw.  h.  per  ton,  and  the  electrode  con- 
sumption was  3.7  pounds  per  ton. 

The  first  lining  of  the  250-pound  furnace  is  said  to  have  lasted 
almost  500  heats.  The  makers  recommend  that  the  power  factor  be 
made  70  per  cent  in  order  to  cut  down  the  lunount  of  hand  regulation 
required.  In  this  case  it  is  stated  t^o  men  can  charge  and  handle 
three  250-pound  furnaces. 

At  the  Fulton  Harwood  Brass  Works,  South  Bend,  Ind.,  in  the 
period  June  6  to  July,  1920,  40  tons  of  red  brass  were  melted  at 
371  kw.  h.  per  ton  in  the  500-pound  Booth  furnace ;  3.7  pounds  elec- 
trodes were  used  per  ton.  The  metal  loss  was  estimated  at  0.75  per 
cent. 

In  other  plants  operating  the  500-pound  furnace  on  yellow  brass, 
10-hour  operation,  the  power  consumption  is  stated  to  run  close  to 
300  kw.  h.  per  ton  and  the  output  around  2^  tons. 

The  usual  lining  life  is  given  as  600  heats. 

Booth  '^  has  recently  given  details  of  the  operation  of  250  and  500 
pound  furnaces,  but  no  data  have  been  published  on  the  operation  of 
the  1-ton  furnace. 

Bragg '^^  stated  that  as  far  as  he  was  able  to  see  the  1-ton  Booth 
furnace  at  the  Michigan  Smelting  and  Befining  Co.  ^*  looked  satis- 
factory, but  he  was  not  ready  to  speak  with  certainty  at  that  time." 

A  Booth  furnace  is  installed  at  the  Bridgeport  Brass  Co.,  but  this 
firm  states :  *•  "  The  Booth  furnace  was  not  a  success,  as  the  type  of 
lining  furnished  did  notstand  up  at  all  well.'* 

The  furnace  is  made  for  110-volt  single-phase  current.  The  fur-, 
nace  is  said  to  have  been  designed  in  capacities  of  150,  250,  500, 1,000, 
2,000,  and  3,000  pounds.  The  transformer  capacity  for  all  sizes  is 
not  given,  but  that  used  for  the  250-pound  furnace  is  75  kv.  a. ;  for 
the  500-pound,  125 ;  for  the  1,000,  180 ;  and  for  the  2,000,  300.  The 
price  of  the  250-pound  furnace,  without  transformer,  primary 
switch,  etc.,  was  said  to  be  about  $3,000  in  September,  1919.  The 
additional  equipment  necessary  for  a  complete  installation  would  cost 
several  hundred  dollars  more. 

•»  Booth,  C.  H.,  Later  type  furnace.  Foundry,  vol.  48,  1920,  p.  466. 

"^  Booth,  C.  H.,  Booth  rotating  electric  furnace.  Metal  Ind.,  voL  18,  1920,  p.  456. 

"« Bragg,  C.  T.,  Discusplon,  Metal  Ind.,  vol.  18.  1920,  p.  447. 

"Webster,  W.  B.,  personal  communication,  Aug.  24,  1921. 
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The  furnace  seems  to  be  applicable  in  small  sizes,  but  its  degree 
of  availability  in  large  sizes  has  not  yet  been  thoroughly  shown. 

AMEBICAN  BEVOLYING  FUBNACE. 

A  later  entrant  into  the  field  was  the  American  indirect-arc  fur- 
nace, designed  by  the  American  Metallurigcal  Corp.  This  fur- 
nace was  first  advertised ''<'  late  in  1919.  A  description  given  by 
Byan  ^^  shows  that  the  furnace,  though  claimed  to  be  an  adaptation 
of  the  Weeks  zinc  furnace,  deviates  greatly  from  the  original  design 
of  Weeks,  following  very  closely  indeed  except  in  one  particular  the 
design  of  the  Detroit  rocking  furnace. 

Instead  of  the  stationary  electrodes  of  the  Weeks  furnace,  the 
electrodes  and  supports  are  attached  to  the  furnace  shell  and  move 
with  it.  In  the  Weeks  patent**  a  handwheel  is  shown,  and  the 
photograph  illustrating  Hansen's"*  paper  on  the  Weeks  furnace 
shows  a  motor,  evidently  reversed  by  hand,  if  at  all,  by  which  the 
Weeks  furnace  could  be  turned  over  now  and  then  to  interchange 
roof  and  hearth  in  order  to  obtain  uniform  wear  of  the  liniag  as 
contemplated  by  Weeks  for  work  on  zinc.  Byan,  however,  provides 
a  system  "  of  automatic  switches  by  which  the  drum  can  be  rotated 
to  any  percentage  of  its  circumference  at  the  will  of  the  operator,  a 
special  control,  making  it  possible  to  set  operation  at  any  given 
point " ;  it  is  analogous  to  the  control  device  previously  used  in  the 
Detroit  rocking  furnace  for  automatic  control  of  rocking  and  for 
varying  from  "  safe  rock  "  at  the  start  to  "  full  rock  "  at  the  end. 

The  furnace  is  also  designed  to  be  rotated  completely  if  desired, 
although  the  charging  door  and  pouring  spout  are  on  the  circum- 
ference, and  while  a  pouring  spout  can  be  plugged  so  as  to  be  fairly 
safe  against  pressure  of  molten  metal,  it  is  difficult  to  see  how  a  large 
charging  door  can  be  made  safe  against  such  pressure.  One  would 
also  expect  that  metal  would  run  around  the  door  joint,  solidify,  and 
prevent  the  opening  of  the  door. 

The  American  furnace  was  designed  for  brass  melting  and  aimed 
to  prevent  metal  loss  through  stirring  by  rocking;  the  Weeks  fur- 
nace was  designed  for  zinc,  never  tried  on  brass,  and  when  tried  on 
copper  was  kept  stationary  during  melting. 

The  American  furnace  design  has  the  charging  door  and  pouring 
spout  on  the  circumference  of  the  shell,  like  the  Detroit  rocking  fur- 
nace, instead  of  on  the  ends,  as  in  the  Booth.    It  follows  Booth  in 

■^  Brass  World,  vol.  15,  1919,  October,  Front  cover. 

■*  Ryan,  F.  J„  Wenks*  eleetrie  rotating  fomacp  as  apfdled  to  the  brass  Industry,  Metal 
Ind..  vol.  17,  1919,  p.  619.  See  also  Acheson  Graphite  Co.  Brass  Melting  (pamphlet) 
Aujnist,  1920,  p.  29. 

•«We<^k8,  C.  A.,  U.  S.  Patont  949,511,  Feb.  15,  1910. 

**  Hansen,  C.  A.,  Electric  melting  of  copper  and  brass :  Trans  Am.  Inst.  Metals,  vol.  6. 
1912.  p.  110. 
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carrying  the  current  by  a  sliding  brush  contact  from  motor  brushes 
attached  to  the  leads  to  a  copper  collector  ring,  carried  on  each  end 
of  the  furnace  instead  of  on  rings  attached  to  the  circumference  of 
the  shell  as  in  the  Booth,  thus  avoiding  the  swinging  cables  of  the 
Detroit  furnace,  but  involving  the  use  and  maintenance  of  a  sliding 
contact  for  a  heavy  current,  and  of  a  moving  joint  in  the  water 
connections.  As  in  the  Detroit  and  Booth  furnaces,  graphite  elec- 
trodes were  to  be  used. 

An  American  furnace  was  ordered  by  the  York  Hardware  and 
Brass  Co.,  York,  Pa.,  but  was  never  delivered,  and  the  Weeks  patent. 
on  which  the  design  of  the  American  furnace  was  stated  to  be  based, 
which  had  been  acquired  by  the  American  Metallurgical  Corp.,  was 
next  acquired  by  the  Electric  Furnace  Construction  Co.,  of  Phila- 
delphia, which  stated  in  June,  1921,  that  it  planned  to  put  an  electric 
brass  furnace  on  the  market. 

The  American  furnace  appears  not  to  have  been  constructed  or 
tested,  and  it  is  not  known  whether  the  Electric  Furnace  Construc- 
tion Co.'s  projected  furnace  is  to  follow  the  design  of  the  American 
furnace  or  not. 

MOOBB  FXTBNAGE. 

The  "  Moore  Rapid  ^Lectromelt  Furnace  "  has  been  advertised  by 
the  Pittsburgh  Electric  Furnace  Corp.,  but  no  detailed  description 
of  the  exact  construction  has  yet  been  given  out,  and  no  commercial 
installations  have  been  made,  though  one  experimental  furnace  is 
said  to  have  been  constructed.  From  the  patent*^®*  it  appears  that 
the  furnace  is  of  the  indirect  arc  type,  the  electrodes  being  moimted 
in  a  stationary  roof,  the  body  of  the  furnace  being  a  cylinder  set  on 
end  with  its  axis  off  the  vertical.  The  body  is  revolved  or  oscillated 
about  its  axis.  The  revolving  of  the  tilted  furnace  is  to  stir  the 
charge.  Like  the  Volta  furnace,  this  does  not  wash  the  roof  or  much 
of  the  side  walls  with  molten  metaL 

The  advertisements"  state,  "Heat  is  transmitted  to  the  charge 
by  distributed  radiation  and  reflection  only.  Arcs  are  struck  between 
the  electrodes  rather  than  against  the  charge.  Segregation  and 
volatilization  are  minimized  by  tumbling  the  charge.  They  use 
polyphase  or  single-phase  power." 

The  furnace  is  designed  in  250,  600,  1,000,  and  2,000  pound  sizes. 
It  is  claimed  to  be  especially  adapted  for  melting  brasses  high  in 
zinc. 

8^  Moore,  W.  B.,  U.  S.  Patent  1,878,972,  May  24,  1921. 

w  Metal  Ind.,  toI.  18,  February,  1920,  advt.  pw  10;  June,  1920,  p.  91;  EIoc.  World. 
vol.  76,  Apr.  24,  1920,  p.  98. 
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BSABBON  I'U&NACE. 

Still  another  rocking  indirect-arc  design  has  been  described  by 
Eeardon*®  in  which  the  oil  barners  of  a  Schwartz  open-flame  oil 
furnace  are  to  be  replaced  by  electrodes  between  which  an  arc  is 
drawn,  and  the  furnace  is  to  be  rocked  mechanically  on  its  trunnions. 
Reardon  says  that  the  design  for  the  adaptation  of  the  Schwartz 
furnace  to  electric  heating  was  begun  in  December,  1913,  but  no 
figures  on  the  performance  of  an  actual  furnace  were  available  in 
August,  1921.  On  account  of  the  location  of  electrodes,  charging 
door,  and  pouring  spout,  only  about  half  the  lining  can  be  washed 
by  the  metal. 

The  furnace  is  designed  to  take  300  kw.  on  a  1-ton  size,  at  220 
volts.  With  as  long  an  arc  as  220  volts  will  give,  and  with  the  elec- 
trodes placed  close  together  in  the  location  of  the  burners,  the  treat- 
ment of  the  unwashed  roof  above  the  arc  would  be  severe,  and  re- 
fractory troubles  might  be  expected. 

As  the  cost  of  the  furnace  shell  is  but  a  minor  part  of  the  total 
cost  of  an  electric,  it  would  appear  wiser  to  the  writers  to  use  an 
electric  furnace  designed  as  such  than  to  attempt  to  make  over  an 
oil  furnace  of  this  form  into  an  electric  furnace. 

VOI/TA  FUBHACE. 

Although  the  original  gyrating  Stassano  furnace  was  not  applied 
to  nonfertous  melting,**  the  design  has  recently  been  resurrected,  the 
furnace  being  provided  with  a  mechanically  simpler  gyrating  device, 
so  made  as  to  give  the  furnace  a  greater  tilt  and  hence  greater  stir- 
ring than  the  original  Stassano.  The  furnace  is  a  three-phase,  in- 
direct-arc furnace  with  the  electrodes  120®  apart  and  slightly  tilted 
downward  from  the  horizontal.  Provision  is  made  for  changing  the 
angle  of  the  electrodes,  much  as  is  done  on  the  side  electrodes  of 
some  Rennerfelt  furnaces. 

The  stirring  action  is  obtained  by  mounting  (see  fig.  32)  between 
the  base  and  the  bottom  of  the  furnace  shell,  a  rotatable  ring  ac- 
tuated by  motor-driven  gearing  and  resting  on  rollers.  Several 
peaks  of  different  heights  are  carried  by  this  ring,  each  peak  carry- 
ing a  roller  which  runs  underneath  a  track  on  the  bottom  of  the 
furnace  shell. 

The  shell  has  a  projection  carrying  a  roller,  which  runs  up  and 
down  in  a  vertical,  fixed  track,  thus  preventing  sidewise  motion  of 
the  shell.  As  the  ring  revolves  it  alternately  raises  and  lowers  each 
point  on  the  bottom  of  the  furnace  shell,  giving  a  gyrating  motion 

"  Reardon,  W.  J.,  Electric  melting  in  an  oil  furnace,  MetaL  Ind.  yol.  18,  1920,  p.  207. 
""  Anonymous,   Three-phase   electric  brass   furnace  of  novel   design :   Canadian   Chem. 
Jour.,  vol.  4,  1920,  p.  815. 
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to  the  whole  furnace.  Pouring  is  done  also  by  use  of  the  motor- 
driven  ring. 

The  motion  of  the  furnace  is  stopped  when  the  spout  is  in  its 
highest  position,  the  tap  hole  is  opened  and  cleaned,  being  then  above 
the  metal  level,  tlie  ring  is  started  in  motion  and  the  spout  lowered, 
thus  pouring  the  charge. 

The  roof  is  made  in  the  form  of  a  parabola,  so  as  to  reflect  the 
heat  from  the  arc  directly  down  on  the  bath.  It  is  claimed  that 
since  the  three-phase  arc  covers  a  wider  area  than  a  single-phase 
arc  of  equal  kilowatt,  and  the  source  of  heat  is  therefore  not  so  lo- 
calized, that  tbe  gyrating  motion  gives  sufficient  stirring  to  avoid 
local  overheating  of  the  surface  of  the  melt. 


FiQDBE  .IS. — Gfratlng  Stassaao-type  furnace  mid  by  Volta  MBnuractDrlng  Co. 

The  charge  is  always  below  the  electrodes  so  that  the  electrodes 
can  not  be  broken  bj  the  charge  falling  on  them.  There  is  of  course 
no  gain  in  thermal  efficiency  due  to  cooling  the  roof  to  the  tempera- 
ture of  the  bath,  such  as  is  obtained  in  the  rocking  and  rotating 
furnaces. 

The  furnace  of  a  1-ton  size  was  briefly  tested  at  the  plant  of  the 
Titanium  Bronze  Co.,  Niagara  Falls,  H.  Y.,  and  it  is  claimed  that 
"  as  low  as "  225  kw.  h.  per  ton  of  yellow  brass  and  300  kw.  h.  for 
aluminum  bronze  was  obtained.  These  flgures  do  not  include  any 
preheating  and  are  calculated  for  continuous  24-hour  operation.  The 
metal  loss  is  said  to  have  been  under  1  per  cent;  but  it  is  not  stated 
whether  this  was  on  yellow  brass  or  aluminum  bronze. 

Data  are  lacking  by  which  to  fix  definitely  the  efficiency  of  tbe 
metal  losses  on  this  furnace.  If  the  stirring  is  adequate  to  avoid  sur- 
face overheating,  it  would  be  expected  to  show  metal  losses  of  the 
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same  order  as  those  of  the  other  moving  indirect-arc  furnaces.  Its 
power  consumption  per  ton  would  be  higher  than  that  of  the  furnaces 
in  which  the  lining  is  thoroughly  washed  by  the  metaL 

It  would  be  useful  in  localities  where  a  single-phase  arc  load  is 
not  acceptable  to  the  central  station  company,  but  where  a  three- 
phase  arc  load  can  be  handled. 

The  furnace  is  designed  in  500  pounds,  125  kw. ;  1,000  pounds,  175 
kw.,  and  1-ton,  300  kw.  sizes,  and  is  sold  by  the  Volta  Manufacturing 
Co.,  Ltd.,  Welland,  Ontario,  Canada.  The  electrodes  can  be  adjusted 
by  hand  or  from  the  switchboard  when  motor  control  is  used,  or  the 
furnace  could  be  provided  with  automatic  electrode  control. 

A  demonstration  furnace  is  installed  at  the  Fitzgerald  Labora- 
tories, Niagara  Falls,  N.  Y.  One  furnace  each  of  the  500, 1,000,  and 
2,000  pound  sizes  are  said  to  have  been  ordered,  but  delivery  of  all 
was  deferred  on  account  of  the  business  depression. 

ROCKING  M£TAI«LIC  BESISTOB  FUBNACE  POB  ZING. 

Collins  ^^  of  the  General  Electric  Co.  has  designed  a  three-compart- 
ment furnace  in  which  solid  metal,  as  zinc,  which  is  to  be  freed  from 
dross,  is  charged  into  one  part  of  the  central  compartment  Holes  at 
the  bottom  of  this  compartment  admit  molten  metal  from  the  two  end 
chambers,  each  of  which  is  provided  with  metallic  resistor  heating 
elements.  The  furnace  is  mechanically  rocked  back  and  forth  so  as  to 
wash  the  solid  metal  with  superheated  molten  metal,  thus  melting 
the  solid  metal,  but  trapping  the  dross  in  the  charging  compartment 
Clean  molten  metal  may  be  ladled  or  tapped  from  another  part  of  the 
central  compartment 

SUMKABY   ON   KOVING   INDIBECT-ABC    ETJBNACES. 

It  is  interesting  to  note  that  in  addition  to  the  makers  of  the  fur- 
naces built  under  the  Bureau  of  Mines  patents,  seven  other  brass 
furnace  designers — Thomson  in  his  gyrating  resistor  furnace,  Moore 
in  the  Pittsburgh  Electric  Furnace  Co.'s  rotating  furnace,  Booth  in 
a  rotating  indirect-arc  furnace,  Ryan  in  the  American  rocking  in- 
direct^arc  furnace,  Beardon  in  his  adaptation  of  the  <Schwartz  oU 
furnace  into  a  rocking  indirect-arc  furnace,  and  the  makers  of  the 
Volta  fnmaee,  as  well  as  Hervey  in  his  furnace  design — have  taken 
up  the  principle  of  preventing  local  overheating  of  the  surface  of 
the  metal  through  stirring  by  means  of  motion  of  the  furnace  while 
running  a  principle  first  applied  to  a  commercial  electric  furnace  by 
Stassano  and  worked  out  for  electric  brass  melting  by  the  Bureau  of 
Mines.  Collins  also  makes  use  of  a  rocking  device  in  his  zinc  fur- 
nace.  The  value  of  the  principle  appears  to  be  fully  established.    It 
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»«  ColUns,  B.  F.,  U.  S.  Patent  1,378,526,  May  17,  1921. 
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takes  the  indirect-arc  type  of  furnace  beyond  the  field  to  which  the 
stationary  indirect-arc  furnaces  are  limited,  that  of  alloys  low  in 
zinc,  and  thus  produces  a  furnace  suited  metallurgically  for  use  by 
plants  that  have  to  melt  a  large  variety  of  alloys  in  the  same  furnace, 
showing  not  only  a  low  power  consumption  per  ton  but  low  metal 
losses  on  a  wide  range  of  alloys. 

Due  to  absorption  by  the  moving  charge  before  pouring  of  heat 
stored  in  the  furnace  walls,  the  temperature  of  the  furnace  walls  and 
hence  the  radiation  losses  are  reduced,  and  on  account  of  the  smaller 
heat  storage  in  such  a  furnace  than  in  furnaces  of  the  reflected  heat 
type,  the  moving  indirect-arc  type  can  be  used  on  single-shift  opera- 
tion, without  night  heating,  showing  on  such  operation  materially 
higher  production  and  lower  power  consumption  than  do  the  types 
having  a  high  heat  storage. 

The  moving  indirect-arc  type  is  therefore  suited  especially  for 
use  by  jobbing  foundries,  smelting  and  refining  plants,  and  by 
plants  operating  only  one  shift  per  day.  It  is  somewhat  less  simple 
to  operate  than  stationary  direct  or  indirect  arc  furnaces,  than  the 
reflected  heat  types,  or  than  the  vertical  ring  induction  furnace.  In 
flexibility,  ability  to  operate  on  any  alloy  or  any  number  of  shifts 
per  day,  it  surpasses  all  these  other  types.  It  holds  its  own  on  metal 
losses  with  any  of  the  others  in  the  field  they  can  cover;  in  ability 
to  operate  at  a  low  power  consumption  per  ton,  even  in  small  sizes, 
it  is  surpassed  only  by  the  vertical  ring  induction  type  and  possibly 
by  the  high-frequency  current  type.  Its  lining  life  and  its  electrical 
characteristics  though  not  as  satisfactory  as  those  of  some  of  the 
other  furnaces  are  yet  very  good. 

The  main  advances  to  be  looked  for  in  moving  indirect-arc  fur- 
naces are  in  the  addition  of  devices  for  rapid  mechanical  charging, 
to  which  those  having  the  charging  door  on  the  circumference  of 
the  shell  are  well  adapted,  and  for  automatic  control  of  the  arc. 
Advances  in  the  knowledge  and  use  of  better  refractories  for  elec- 
tric furnace  use  will  improve  the  reliability  of  this  as  of  all  other 
types. 

The  principle  of  a  moving  indirect-arc  electric  furnace  for  brass 
has  been  accepted  rapidly  and  widely,  as  may  be  seen  by  the  following 
summary :  The  first  test  of  such  a  furnace  on  brass  was  in  August,  1915 ; 
the  first  semicommercial  test  in  May,  1917;  and  the  first  conmiercial 
furnace  started  operation  in  August,  1918.  On  August  1, 1921,  100 
rocking  or  rotating  furnaces  taking  over  21,000  kw,  were  in  opera- 
tion at  or  being  installed  in  nonferrous  alloy  plants  in  the  United 
States;  and  half  a  dozen  furnace  makers  or  designers  have  incor- 
porated the  principle  of  moving  an  electric  brass  furnace  while 
operating  it  into  designs  brought  out  since  the  experiments  with 
the  rocking  furnace  were  published. 


244  ELECTHIC  BBASS  FURNACE  PBAOTIGE. 

FUKETACES  DT  WHICH  THE  METAL  ITSELF  IS  THE  BESI8T0E. 

lu  order  to  attain  the  highest  thermal  efficiency  in  an  electric 
furnace  the  heat  should  be  generated  within  the  diarge  itself,  not  at 
a  distance  from,  the  charge.  As  small  a  part  as  possible  of  the  heat 
should  be  forced  to  the  walls  or  roof  before  it  is  reflected  back  to 
the  charge,  nor  should  it  be  forced  to  pass  through  anything,  like 
a  crucible,  which  would  baffle  the  flow  of  heat. 

This  principle  of  generation  of  heat  within  and  in  contact  with  the 
charge  is  the  basic  principle  of  efficient  heating.  It  is  seldom  prac- 
tical in  fuel-fired  furnaces,  though  it  obtains  in  cupolas  and  blast 
furnaces,  the  most  efficient  of  the  type.  It  is  more  often  possible  to 
construct  an  electric  furnace  on  this  principle,  which  is  carried  out 
in  all  the  most  successful  electric  furnaces.  Such  electric  furnaces  as 
deviate  from  it'  do  so  only  because  electrical,  metallurgical,  or  struc- 
tural reasons  make  it  impractical. 

Electric  furnaces  for  making  graphite,  carborundum,  and  caorbon 
bisulpliide  generate  the  heat  in  or  within  the  charge  itself.  Calcium 
carbide  furnaces  and  ferro-alloy  smelting  furnaces  usually  operate 
either  with  the  arc  buried  in  the  charge  or  with  the  charge  as  resistor. 

Steel-melting  furnaces  which  use  carbon  electrodes  can  not  be  so 
operated,  but  the  direct-arc  types  of  furnace,  in  which  at  least  95 
per  cent  of  the  world's  output  of  electric  steel  is  melted,  do  the  next 
best  thing  by  generating  the  heat  directly  in  contact  with,  though 
above,  the  charge. 

Gin  ®^  tried  to  make  a  furnace  in'  which  a  long,  narrow  channel 
between  two  electrodes  was  filled  with  the  material  to  be  melted,  and 
heat  was  to  be  generated  by  the  resistance  of  the  charge  itself.  The 
fiuTiace  could  not  be  operated  even  on  steel,  and  as  the  resistance  of 
nonferrous  alloys  is  so  much  lower  than  that  of  steel,  it  would  be 
even^^  more  impractical  on  brass  than  on  steeL  If  an  induction 
furnace  is  constructed  by  doing  away  with  the  electrodes  and  by  mak- 
ing the  charge  the  secondary  of  a  transformer,  steel  can  be  melted 
by  the  generation  of  heat  in  the  charge  itself. 

Inasmuch  as  the  induction  furnace  allows  the  generation  of  heat 
in  the  steel  itself,  it  might  seem  that  induction  furnaces  would  be 
the  most  logical  type  for  use  on  steel.  However,  there  is  another  factor 
entering  in  to  affect  its  usefulness — ^the  usual  basic  principle  of  an 
induction  furnace  shown  in  figure  33  and  exemplified  in  the  Colby- 
Kjellin,®*  Frick,  Roechling-Rodenhauser,^'  and  other  induction  fur- 

*  S<»c  Stansflplfl,  A.,  The  eloctrlc  furnace  1914,  p.  247. 

•^  For  brief  doscrlptloii  of  the  principles  on  wbleb  an  IndaetlOD  furnace  operates,  see 
Clamer,  O.  H.,  Melting  brass  In  the  Induction  furnace.  Jour.  Am.  Inst.  Metals,  toI.  11, 
1917.  p.  :i«2. 

«•  KJelUn,  F.  A.,  U.  8.  Patnit  682.088,  Sept.  8,  1901. 

**  Sec  Rodenbauser,  W.,  and  Scboonawa,  J.,  Trans,  by  Tom  Baur,  Electric  fumaoes 
In  the  iron  and  steel  Industry,  1917,  p.  172. 
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naces  demands  that  the  steel  be  contained  in  one  or  more  horizontal 
ring-shaped  troughs,  which  form  the  secondary  circuit.  The  ordi- 
nary induction  furnace  thus  has  a  huge  volume  and  huge  wall  space 
for  a  comparatively  small  metal  capacity,  and  the  electrical  require- 
ments make  the  type  violaie  the  second  principle  of  thermal  effi- 
ciency, that  the  furnace  shall  be  as  small  as  possible  for  a  given 
capacity  in  order  to  avoid  thermal  leakage  through  excessive  wall 
area.  For  this  reascm  the  thermal  efficiency  is  not  as  good  in  a  steel 
furnace  of  the  horizontal  ring  induction  type  as  in  a  direot-arc  fur-' 
nace.  Its  main  theoretical  advantage  having  been  thus  overbalanced, 
only  its  avoidance  of  the  use  of  electrodes  remains  to  compare  with 
the  disadvantages  of  inconvenience,  low-power  factor,  and  lower 
slag  temperatures,  which  tend  toward  slower  refining. 


FtovBB  33. — Dlagiam  of  horliontal  ring  induction  furnace :  a,  stamped  liiUiig;  V,  crudMe; 

0,  primary  coll ;  d,  core. 

The  induction  furnace  for  steel  melting  in  all  countries  with  the 
possible  exception  of  Germany  has  fallen  back  steadily  till  it  almost 
can  be  classed  as  an  obsolete  type.  The  General  Electric  Co.,  how* 
ever,  has  again  attacked  the  problem  of  the  induction  furnace  for 
steel  and  recently  brought  out  a  new  modification,  which  is  described 
by  TJnger  and  Scharschu.®* 

HOBIZOHTAL  BDTO  DTDXrCTIOir  FTTBHACES  FOE  BSASS. 

Besides  the  disadvantages  which  have  made  the  ordinary  induction 
furnace  of  little  value  for  steel,  there  is  another  which  makes  it  in- 
applicable to  copper,  brass,  or  bronze.  This  is  the  "pinch  effect," 
which  has  been  described  by  Bary  •*  and  by  Hering.*' 

Briefly  stated,  the  **  pinch  ^  phenomenon  is  due  to  the  fact  that 
currents  flowing  in  the  same  direction  through  parallel  conductors 
attract  each  other.    This  is  the  converse  of  the  principle  of  the  von 

^  IJngvr,  M.,  and  Seharacbu,  C.  A.,  New  typo  of  induction  electric  furnace :  Iron  Age, 
Tol.  108,  1921.  p.  344. 

"Bary,  P.»  La  pulyeratlon  €lectrlqne  dea  mfitauz:  L*  indnstrie  electriqne  No.  224, 
Apr.  25,  1001,  p.  178. 

**  Uering,  C,  A  practical  limitation  of  resistance  fumaevs,  the  *'  pinch  "  phenomenon : 
Trans.  Am.  Blectrocbem.  8oc.,  vol.  11,  1007,  p.  820 ;  The  working  limit  in  electrical  fur- 
naces due  to  the  "  pinch  '*  phenomenon :  Trans.  Am.  Electrochem.  Soc.,  vol.  15,  1900,  p.  255. 
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Schlegell  "repelling  arc,"  where  the  fact  that  currents  flowing  in 
opposite  directions  through  parallel  conductors  repel  each  other  is 
made  use  of  to  force  the  electrodes  (which  are  pivoted  so  as  to  be 
free  to  separate)  apart  and  start  the  arc.  The  current  flowing  in  a 
single  conductor  also  tends  to  attract  the  parts  of  a  cross  section  of 
that  conductor  one  to  another.  That  is,  a  conductor  through  which  a 
current  is  flowing  tends  to  shrink  and  become  more  dense.  Solid  con- 
ductors can  not  yield  to  this  force,  but  a  liquid  one,  like  mercury  or 
molten  brass,  can  do  so. 

If  the  conductor  has  exactly  the  same  cross  section  throughout,  the 
contracting  forces  are  balanced  and  nothing  happens,  but  if  the  cross 
section  is  smaller  at  one  point,  as  can  not  fail  to  be  the  case  in  the 
secondary  of  an  induction  furnace  through  the  dropping  in,  for  exam- 
ple, of  a  piece  of  brick  from  the  roof,  the  forces  no  longer  balance  at 
this  point. 

Now  this  force  is  greater  the  greater  the  current  density,  and  it 
varies  with  the  square  of  the  current.  At  a  point  of  slightly  smaller 
cross  section  in  the  liquid  resistor  the  current,  then,  if  great  enough, 
can  exert  so  much  force  that  it  actually  constricts  the  liquid  as  if  it 
were  contained  in  a  sausage  skin  and  a  rubber  band  were  put  about  it. 
As  the  liquid  is  constricted  the  current  density  gets  higher  and  makes 
it  still  further  constricted  till  it  actually  pinches  the  liquid  off  and 
breaks  the  circuit.  The  metal  will  then  run  together  again,  but  the 
pinch  force  again  makes  it  separate.  At  high  current  densities,  as  a 
result,  the  metal  can  not  be  kept  together  long  enough  for  suflicient 
power  to  be  supplied  to  keep  it  molten. 

Materials  of  comparatively  high  electrical  resistance  at  tempera- 
tures above  their  melting  points,  such  as  steel,  platinum,  and  nickel 
and  its  alloys,  can  be  melted  in  the  induction  furnace,  because  the 
voltage  it  takes  to  overcome  their  resistance  is  high  enough  that 
sufficient  power  kilowatts  can  be  put  into  them  to  melt  them  and  not 
exceed  the  current  that  can  be  used  without  making  the  pinch  force 
exceed  that  of  gravity. 

But  with  materials  of  relatively  low  electrical  resistivity  at  their 
melting  point,  such  as  copper,  aluminum,  brass,  and  bronze,  the  volt- 
age required  to  overcome  their  resistance  is  very  low,  hence  huge 
currents  are  required  to  generate  enough  heat  to  melt  them,  since 
power  (watts)  =voltsX amperes X power  factor.  As  the  power  factor 
in  ordinary  induction  furnaces  is  low  the  current  (amperes)  must  be 
high  when  the  voltage  or  the  electrical  resistance  is  low.  As  the 
pinch  force  varies  with  the  square  of  the  current  it  turns  out  that 
copper,  aluminum,  brass,  and  bronze  are  all  affected  by  the  pinch 
force  in  a  horizontal  ring  induction  furnace,  and  that  consequently 
it  is  impossible,  or  at  least  impracticable,  to  melt  them  in  such  a 
furnace. 
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This  conclusion  does  not  rest  on  theory  alone.  Fitzgerald  ®^  cites 
a  case  where  aluminum  could  be  just  melted  but  not  superheated  at 
all  because  of  the  rupturing  of  the  ring  by  the  pinch  force.  By  work- 
ing with  an  extremely  shallow  ring  of  steel  so  that  the  force  of  grav- 
ity was  not  enough  to  overcome  the  pinch  force,  the  phenomenon 
was  duplicated  'with  steel. 

SFENCEB  FUBNACE. 

The  same  phenomenon  was  noted  in  an  attempt  to  melt  brass  in 
a  small  laboratory  induction  furnace  at  the  Massachusetts  Institute 
of  Technology,  and  in  a  test  made  at  the  Pierce  Arrow  Motor  Car 
Co.  several  years  ago  in  a  furnace  built  by  Mr.  E.  B.  Spencer  it 
was  found  that  on  nonferrous  alloys  of  high  conductivity  the  pinch 
effect  was  so  great  as  to  make  the  regular  type  of  induction  furnace 
impractical.  The  American  Brass  Co.  had  a  similar  experience  in 
a  trial  of  an  induction  furnace  on  brass. 

HARDEN  FUBNACE. 

Harden  "^  suggests  that  for  melting  brass  and  aluminum  the  hori- 
zontal ring  induction  furnace  should  be  built  with  a  conducting  ring- 
shaped  crucible,  as  of  fire-clay  graphite  mixture,  to  hold  the  metal, 
with  the  idea  that  by  generating  a  large  proportion  of  the  power 
in  the  crucible  the  current  density  at  which  the  pinch  force  starts 
to  give  trouble  may  not  be  exceeded. 

GEHBKENS  FUBNACE. 

Gehrkens  *®  also  suggests  avoiding  pinch-effect  troubles  on  a  hori- 
zontal ring  induction  furnace  for  brass  or  aluminum  by  having  a 
conducting  secondary  other  than  the  charge  itself  as  a  permanent 
part  of  the  furnace. 

SOLOMON  FUBNACE. 

Solomon^*  patents  a  horizontal  ring  induction  furnace  in  which 
the  metal  is  contained  in  an  annular  crucible  that  can  be  removed 
to  pour.  The  crucible  would  be  excessively  fragile,  and  the  furnace 
was  not  designed  especially  for  brass  melting. 

GBEENE  FUBNACE. 

Greene  ^^  patents  a  horizontal  ring  induction  furnace  designed 
for  melting  copper,  brass,  bronze,  and  aluminum,  in  which  the  pri- 
mary circuit  is  brought  into  the  refractory  lining  dose  to  the  second- 
ary, which  is  made  up  of  the  material  to  be  heated.  The  primary 
is  made  a  resistor,  and  the  heat  generated  in  it  is  transmitted  through 

•»  ntasRerald,  F.  A.  J.,  DlscusRfon,  Trans.  Am.  Klectrocbem.  Soc,  vol.  15,  1909,  p.  278. 

"Harden,  J.,  U.  S.  Patont  977.303.  Nov.  29,  1910. 

•GehrkeniH  B.  F.,  assignor  to  (J«ii<nU  Electric  Co.,  U.  S.  Patent  1,011  J69,  Dec.  12,  1911. 

«  Solomon,  U.  G.,  U.  B.  Patent  1.0ftl.l04,  Dec.  9.  1913. 

«>Ore«ne,  A.  B.,  U.  8.  Patent  1,078.619,  Nov.  18,  1913. 
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the  refractory  lining  to  the  he&rth  or  secondary.  Both  primary  and 
secondary  thus  are  to  be  sources  of  heat.  This  principle  practically 
amounts  to  an  attempt  to  run  a  brass  furnace  with  a  metallic  resistor, 
the  primary,  as  one  of  the  main  sources  of  heat.  No  metallic  resistor 
of  suitable  physical  properties  is  available  at  a  price  that  would 
allow  it  to  be  used  in  a  commercial  brass  furnace.  The  furnace  does 
not  appear  to  have  been  constructed  or  tested. 

KJELLIN  FTJBNACE. 

Rowlands  ^^  cites  a  test  on  brass  of  a  Kjellin  furnace  provided 
with  a  conducting  crucible  in  which  the  pinch  effect  was  overcome. 
He  states  also  that  in  a  three-phase  furnace  without  a  conducting 
crucible  the  pinch  effect  was  less  intense  than  in  a  single-phase. 
Brass  is  said  to  have  been  melted  in  the  three-phase  furnace  at 
165  kw.  h.  per  net  ton,  a  very  low  figure. 

Arnold^'  stated  in  1910  that  tests  were  to  be  made  at  Sheffield 
University  on  a  comparison  of  melting  brass,  bronze,  and  German 
silver  by  coke,  and  in  a  Kjellin  induction  furnace;  but,  as  no  report 
of  such  tests  has  been  made  other  than  that  by  Rowlands,  above 
cited,  it  may  be  assumed  that  the  operation  of  the  furnace  on  those 
alloys  was  found  impractical. 

BGECHLING-BGDEKHAUSEB  TYPK 

The  Baltimore  Copper  Smelting  and  Rolling  Co.  tried  several 
years  ago  to  use  an  induction  furnace  of  the  Roechling-Rodenhauser 
type  for  making  brass,  the  idea  being  to  run  in  molten  copper  from 
a  fuel-fired  furnace,  add  zinc,  and  put  in  enough  power  to  hold  the 
alloy  molten  for  pouring.  The  main  purpose  was  to  make  a  heated 
mixer  rather  than  a  melting  furnace.  It  was  thought  that  so  little 
heat  would  have  to  be  added  that  enough  power  could  be  put  in 
without  the  current  density  exceeding  that  which  would  cause  rup- 
ture. Various  troubles  with  the  furnace  caused  the  abandonment  of 
the  idea  before  the  experiments  had  gone  far  enough  to  show  whether 
the  pinch  force  would  make  the  furnace  inoperable. 

Yom  Baur  ^^  says  that  he  has  been  told  that  brass  has  been  melted 
at  the  Roechling  Eisen  und  Stahlwerke,  in  a  three-phase  Roechling- 
Rodenhauser  furnace,  using  pole  plates,^*  without  interference  from 
pinch  troubles. 

On  the  other  hand.  Dr.  K.  G.  Frank,  formerly  American  agent  for 
Siemens  and  Halske,  in  response  to  an  inquiry,  informed  one  of 

V'  Rowlands,  T.,  Indnctioii  furnace  progress,  Trana  Am.  Slectrocbem.  Soc.,  voL  17»  1910, 
p.  103. 

''Arnold,  J.  O.,  Department  of  nonferrous  metallurgy  at  Sheffield  University,  Bug.  Snpp. 
Tendon  Times,  Oct.  26,  1010.     Jonr.  Soc.  Cbem.  Ind.,  Tol.  29,  1910,  p.  1254. 

**  Vom  Baur,  C.  n.,  Personal  communication. 

"  See  Rodenhauser,  W.,  and  Schoenawa,  J.,  Trans,  by  vom  Baur,  0.  H.,  Electric  fur- 
naces in  the  iron  and  steel  industry,  1017,  p.  215. 
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the  writers  in  1916  that  the  induction  furnace  then  being  made  by 
Siemens  and  Halske  as  a  combination  of  the  Roechling-Rodenhauser, 
Frick,  and  Kjellin  induction  furnaces,  was  not  deemed  suitable  for 
brass  because  of  troubles  from  the  pinch  force.  This  statement  ap- 
pears to  cover  the  present  situation  of  the  horizontal  ring  induction 
furnace. 

HOWASD  FTJBKACE. 

Howard  ^*  suggests  a  furnace  designed  for  melting  copper,  brass, 
and  aluminum,  in  which  a  shallow  bath  of  metal  forms  part  of  the 
secondary  of  an  induction  furnace,  the  rest  of  the  secondary  being  a 
heavy  U  of  conducting  material,  as  of  copper,  placed  below  the 
bath,  each  leg  of  the  U  having  a  tip  of  graphite  or  of  water-cooled 
steel  which  makes  contact  with  the  bath.  The  loss  of  heat  in  such  a 
solid  portion  of  the  secondary  would  be  terrific,  and  it  is  very  doubt- 
ful if  a  furnace  so  constructed  could  be  made  to  operate  at  all. 

HEBING  FCTBNACE. 

Having  discovered  that  the  pinch  force  spoiled  all  possibility  of 
the  ordinary  induction  furnace  being  made  to  operate  on  brass, 
Hering  set  to  work  to  tame  this  force  and  to  utilize  it  in  the  con- 
struction of  a  brass  furnace.  By  opposing  the  pinch  force  with  a 
sufficient  hydraulic  head  of  molten  metal,  it  is  obvious  that  the  metal 
can  be  kept  from  rupturing.  Hering  found  that  not  only  was  this 
the  case,  but  that  if  the  bottom  of  the  tube  containing  the  molten 
resistor  was  closed  by  a  solid  material,  the  pinch  force  caused  the 
tube  to  act  as  a  pump,  drawing  cool  molten  metal  down  the  outside 
of  the  tube,  heating  it  by  its  own  resistance,  and  ejecting  it  up  the 
center  of  the  tube.  This  squirting  action  produces  a  little  fountain 
of  molten  metal  that  is  continually  taking  in  cool  metal  and  throw- 
ing out  hotter  metal.  All  the  heating  is  done  in  the  tube,  but  it  is 
possible  to  heat  up  a  large  volume  of  metal  because  of  the  circula- 
tion. 

The  Hering  furnace  has  been  fully  described  in  the  literature.^^ 

«  Howard,  L.  B.,  U.  S.  Patent  1,076,887,  Oct.  28,  1913. 

^  Hering,  C,  U.  8.  Patents  988,986,  Apr.  9,  1911 ;  999,720,  Aug.  1,  1914 ;  1,105,656, 
Aug.  4,  1914;  A  new  type  of  electric  funujce:  Trans.  Am.  Electrochem.  Soc.,  vol.  19, 
1911,  p.  255 ;  Blectrlc  furnaces  for  molten  materials :  Met.  and  Cbem.  Eng.,  vol.  9,  1911, 
p.  S71 ;  Ideals  and  limitations  In  the  melting  of  nonferrous  metals :  Jonr.  Inst.  Metals 
(Brltisb),  vol.  17,  1907,  p.  243;  Advantages  of  a  small  high-speed  electric  furnace:  Met. 
and  Chem.  Bug.,  vol.  11,  1918,  p.  183 ;  Possible  reduction  in  the  power  consumption  In 
electric  steel-reflnlng  furnaces :  Met.  and  Chem.  Bng.,  vol.  9,  1911,  p.  690 ;  Clamer,  Q.  H., 
The  Hering  electric  furnace  for  commercial  brass  melting :  Trans.  Am.  Inst.  Metals,  vol. 
7,  1013,  p.  860 ;  Clamer,  G.  H.,  and  Hering,  C,  Blectrlc  brass  melting :  Trans.  Am.  Inst. 
Metals,  vol.  8,  1914,  p.  270;  The  electric  furnace  for  brass  melting:  Trans.  Am.  Inst. 
Metals,  vol.  6,  1912,  p.  95 ;  Lyon,  D.  A.,  and  Keeney,  B.  M.,  Blectrlc  furnaces  for  making 
iron  and  steel :  Bull.  67,  Bureau  of  Mines,  1916,  p.  87 ;  see  also  Blektrochemische  Werke, 
Gennan  Patent  809,973  of  Dec.  8,  1016. 


250  eij:ctbjc  beass  fuenacb  practice. 

After  development  on  a  laboratory  scale,  the  furnace  was  built 
on  a  commercial  scale,  with  a  total  capacity  of  about  1,500  pounds, 
of  which  500  to  750  pounds  was  retained  from  one  heat  to  another. 
Furnaces  were  tried  out  by  the  National  Cash  Ke^ster  Co.,  the 
Scoville  Manufacturing  Co.,  and  the  Ajax  Metal  Co.  The  first  of 
these  large  furnaces,  that  at  the  National  Cash  Hegister  Co.,  was 
tried  out  on  April  30, 1914,  one  of  the  writers  being  present.  There 
appeared  various  transformer  and  other  troubles  incident  to  the 
design  of  a  large  furnace  of  a  new  type  previously  operated  only  in 
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a  much  smaller  size,  so  that  the  furnace  could  not  be  made  to  melt 
metal  at  that  time.  Some  further  work  was  done  with  it,  bnt  it  did 
not  do  any  commercial  melting. 

The  furnace  at  the  plant  of  the  Scoville  Manufacturing  Co.  melted 
a  good  deal  of  metal,  but  was  finally  discarded.  The  results  of  the 
tests  at  that  plant  are  not  available,  save  that  the  metal  loss  on  yellow 
brass  was  well  under  2  per  cent,  and  a  loss  of  one-half  of  1  per  cent 
was  considered  attainable. 

The  furnace  at  the  Ajax-Metal  Co.,  shown  in  figure  34  and  Plat« 
XXI,  B,  (p.  235)  was  operated  commercially  for  some  time.  One  of 
the  writers  was  present  in  December,  1914,  while  this  furnace  was  in 
operation.  The  furnace  was  built  in  the  shell  of  a  Schwartz  open- 
flame  furnace,  which  was  approximately  spherical  and  about  6  feet 
in  diameter.  Ilie  lining  was  about  IS  inches  thick  and  consisted  of 
fire  brick  with  an  inner  rammed  lining  of  high  temperature  asbestos 
cement.    Inasmuch  os  the  rector  tubes  can  not  operate  unless  they 
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are  filled  with  molten  metal,  the  furnace  must  be  started  by  pouring 
in  enough  molten  metal  to  fill  the  tubes  and  provide  also  sufficient 
hydraulic  head  to  oppose  successfully  the  pinch  forcfe.  In  order  to 
preheat  the  empty  furnace  when  starting  up,  and  to  prevent  freez- 
ing to  the'  starting  charge  of  molten  metal,  the  oil  burners  of  the 
Schwartz  furnace  were  left  in  place. 

Inasmuch  as  the  available  power  supply  was  two-phase,  four-wire, 
four-resistor  tubes  were  provided.  These  tubes  were  placed  vertically 
in  the  bottom  of  the  furnace  and  were  formed  by  putting  tubes  made 
of  the  regular  crucible  mixture  of  graphite  bonded  with  fire  clay  in 
place  and  ramming  up  the  bottom  around  them.  The  electrodes 
themselves  were  heavy  copper  blocks  set  at  the  bottoms  of  the  re- 
sistor tubes  and  were  arranged  to  be  water-cooled  by  a  copious  water 
supply.  The  electrodes  were  approximately  5  inches  thick,  and  were 
in  contact  with  the  molten  charge  in  the  tubes  above  and  with  the 
cooling  water  below*  The  flow  of  cooling  water  had  to  be  kept  up 
in  sufficient  volume  to  prevent  the  copper  blocks  from  melting  into 
the  charge,  so  that  the  molten  charge  could  not  run  down  into  the 
water  and  produce  a  disastrous  explosion. 

It  is  obvious  that  a  fin  of  metal  entering  a  crack  in  the  bottom  of 
the  hearth  and  extending  from  one  electrode  to  another  in  the  same 
phase  would  bridge  across  between  the  electrodes  and  short-circuit 
the  current  out  of  its  proper  path.  The  graphite  fire-clay  tubes  were 
used  to  prevent  this  contingency,  as  they  were  less  liable  to  crack 
than  the  lining  itself.  The  whole  bottom  could  not  well  be  rammed 
up  of  crucible  mixture,  as  it  would  itself  conduct  the  current  and 
would  be  likely  to  short-cirouit  it. 

The  cylindrical  resistor  tubes  shown  in  figure  34,  which  were 
originally  used,  had  been  replaced  at  the  time  of  the  test  by  funnel- 
shaped  resistors  1^  inches  diameter  for  the  first  2J  inches  from  the 
electrode  and  then  flaring  up  from  1^  inches  diameter  to  2^  inches  di- 
ameter at  the  hearth,  which  was  12  inches  from  the  electrodes,  'these 
tubes  allowed  a  freer  circulation  of  metal  than  plain  cylindrical  tubes. 

As  only  an  extremely  low  voltage  is  required  or  can  be  used,  the 
current  carried  is  very  heavy.  The  voltage  drop  per  resistor  tube  was 
around  3  volts,  the  amperes  per  phase  being  around  11,000.  It  is  on 
account  of  the  high  current  and  low  voltage  required  that  carbon  or 
graphite  electrodes  could  not  be  used ;  had  they  been  used,  their  re- 
sistance would  have  been  so  great  in  comparison  to  the  resistance 
of  the  resistor  that  the  heat  would  have  been  generated  mainly  in 
them  instead  of  in  the  tubes.  The  water-cooled  copper  electrodes 
were  therefore  inevitable. 

These  heavy  currents  made  it  imperative  for  the  leads  from  the 
low  voltage  transformer  to  be  very  short  in  order  to  avoid  heat  losses 
in  them  and  to  avoid  a  low  power  factor.    The  transformer  was 
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therefore  built  integral  with  the  furnace,  being  attached  to  the 
bottom  of  the  furnace  shell,  and  tilting  with  it  when  the  furnace  was 
tilted  to  pour. 

The  transformers  were  designed  for  a  total  power  input  of  120 
kw.,  but  could  not  be  operated  at  more  than  100  kw.  without  danger- 
ous heating,  even  though  they  were  regularly  air  cooled  by  blowing 
air  on  them  by  electric  fans.  The  joints  or  connections  in  the  sec- 
ondary circuit  between  transformer  terminals  and  the  heavy  leads 
going  to  the  electrodes  had  to  be  packed  with  waste,  and  the  waste 
wet  with  wa.ter  every  15  minutes  to  prevent  overheating  of  the  joints. 
Some  of  the  transformer  difficulties  might  have  been  reduced  by  fur- 
ther experiments,  but  the  design  of  a  transformer  for  such  low  volt- 
ages and  high  currents,  where  lightness  is  desirable  and  where  a 
high-power  factor  is  needed,  is  a  difficult  problem.  The  transformer 
is  essentially  one  of  the  weak  points  in  a  furnace  of  this  design. 

Before  the  test  the  furnace  had  been  operated  for  two  full  days,  24 
hours  a  day,  and  was  therefore  fully  heated  up.  The  material  melted 
in  the  fir^t  part  of  the  test  was  manganese  bronze  ingot,  containing 
about  40  per  cent  zinc,  the  ingots  weighing  about  30  pounds  each. 

The  furnace  held  about  1,500  pounds  of  metal,  but  only  about  625 
pounds,  or  one  ladleful,  was  poured  at  a  time,  the  rest  being  retained 
in  the  furnace.  Zinc  and  aluminum  to  bring  the  ingot  to  the  desired 
composition  were  added  in  the  ladle. 

In  the  test  16  heats  of  around  625  pounds  and  2  heats  of  around  300 
pounds,  9,978  pounds  total,  including  ladle  additions,  were  melted 
in  21  hours  20  minutes,  continuous  running,  the  output  thus  being 
about  450  pounds  per  hour.  The  power  used  was  1,797  kw.  h.,  at 
the  rate  of  396  kw.  h.  per  ton,  the  metal  being  poured  at  an  average 
of  1,010*^  C.  (1,850°  F.).  The  average  power  input  was  93  kw.  The 
power  factor  averaged  80  per  cent. 

On  the  total  run  of  manganese  bronze  ingots  25,257  pounds  of  clean 
metal  were  charged  and  24,479  pounds  of  metal  obtained.  The  skim- 
mings contained  428  pounds  of  recoverable  metal.  The  gross  loss  was 
thus  778  pounds,  or  3.08  per  cent,  and  the  net  loss  350  pounds,  or  1.42 
jyer  cent.  The  furnace  had  been  given  a  new  rammed-up  asbestos 
lining  before  this  run,  and  there  was  doubtless  some  soakage  into  the 
hearth. 

The  circulation  of  the  metal  in  the  tubes  was  very  rapid ;  when  the 
metal  level  was  low,  after  pouring,  the  surface  of  the  molten  metal 
over  each  tube  was  decidedly  raised  through  the  ejection  of  a  stream 
of  metal.  By  sticking  the  end  of  a  pyrometer  with  a  small  tip  on  the 
protecting  tube^®  into  the  resistor  tubes,  the  temperature  of  the 

n  See  Manning,  Van.  H.,  Tear  book  of  Uie  Bureau  of  MineB  for  1916 :  BulL  141.  Bureau 
of  Mines,  1917,  p.  106. 
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stream  of  molten  metal  coming  out  of  the  center  of  the  tube  was 
found  to  be  only  about  20°  C.  (35**  F.)  higher  than  that  of  the  body 
of  the  melt. 

After  the  run  on  manganese  bronze  ingot,  the  furnace  was  operated 
on  "  irony  brass  "  during  the  visit  of  one  of  the  writers.  A  bath  of 
yellow  brass  was  melted  and  then  a  charge  was  fed  in  consisting  of 
yellow  brass  that  could  not  be  readily  separated  from  the  iron  it  con- 
tained. The  charge  included  old  alarm  clocks  with  some  brass  wheels 
on  steel  axles,  steel  shotgun  shells  with  brass  heads,  and  flexible 
tubing  with  a  steel  inside  and  brass  outside,  which  would  normally 
be  fed  to  a  cupola  and  only  the  copper  recovered. 

The  charge  usually  floated  on  the  surface  of  the  melt,  and  as  soon  as 
the  brass  had  melted  the  iron  and  dirt  was  rabbled  or  skimmed  out. 
Aside  from  dirt  the  charge  was  probably  70  per  cent  iron,  which  was, 
of  course,  heated  up  as  well  as  the  brass,  and  only  about  30  per  cent 
brass.  This  material  had  to  be  charged  and  the  iron  taken  out  con- 
tinually ;  therefore  the  furnace  could  not  be  tightly  closed,  as  it  had 
been  on  the  manganese  bronze  run,  and  the  cover  was  open  most  of  the 
time.    Some  zinc  was  thus  lost  by  volatilization. 

It  took  about  2|  hours  to  melt  550  pounds  of  brass  off  of,  say,  1,000 
pounds  of  iron.  The  power  consumption  was  about  800  kw.  h.  per  ton 
of  brass  poured  or  276  kw.  h.  per  ton  of  junk  charged.  The  tempera- 
ture was  kept  down  to  about  1,010®  C.  (1,850°  F.)  to  minimize  the 
solution  of  iron.  The  metal  obtained  contained  nearly  all  the  zinc  of 
the  original  brass,  and  though  it  contained  some  dissolved  iron,  it  was 
worth  much  more  than  the  copper  obtained  by  cupola  melting  would 
have  been  worth. 

The  power  consumption  in  the  manganese  bronze  run  on  24-hour 
operation  of  about  400  kw.  h.  per  ton,  on  an  alloy  heated  only  to 
1^50°  F.,  was  not  as  good  as  might  be  expected  from  a  furnace  gen- 
erating heat  within  the  metal  itself,  so  that  it  was  desirable  to  find  out 
where  the  lost  heat  was  escaping.  There  was  no  excessive  loss  of  heat 
through  the  furnace  walls,  as  the  hand  could  be  held  on  the  shell  after 
a  week's  steady  operation.  The  furnace  had  been  in  steady  operation 
for  several  days  when  the  test  was  made,  therefore  no  heat  could  be 
applied  to  heat  storage  in  the  walls.  The  only  avenues  for  large  loss 
were  from  the  transformer  and  the  electrodes. 

It  was  necessary  to  keep  a  couple  of  electric  fans. blowing  on  the 
transformers  and  to  keep  wet  waste  on  the  connections  between  trans- 
former taps  and  leads ;  a  notable  loss,  which  could  not  be  measured, 
was  evidently  going  on  there.  The  greatest  loss  was  in  the  cooling 
of  the  copper  electrodes  to  keep  them  from  melting. 

By  measuring  the  rate  of  flow  of  the  electrode-cooling  water  and 
by  taking  the  temperature  of  the  incoming  and  outflowing  water, 
it  was  found  that,  with  the  furnace  operating  at  i^  little  under  100 
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kw.,  46i  kw. — 109.5  pounds  water  per  minute,  at  24°  F.  temperature 
rise — ^and  48^  kw. — 93.6  poimds  water  per  minute,  at  29J°  F.  tem- 
perature rise — or  an  average  of  about  47^  kw.,  was  lost  in  the  elec- 
trode-cooling water.  As  several  kilowatts  were  evidently  lost  in  the 
transformer,  at  least  half  the  power  supplied  was  used  in  heating  air 
and  water  required  to  keep  transformer  and  electrodes  in  operation, 
leaving  the  other  half  to  heat  the  brass  and  the  furnace. 

The  furnace  melted  450  pounds  per  hour.  At  the  theoretical  figure 
taken  by  Clamer  and  Hering  ^^  for  melting  2 :1  brass,  6.9  kw.  h.  per  100 
pounds,  the  power  usefully  applied  to  melting  brass  was  31  kw.  The 
heat  balance  then  was  evidently  about  as  follows : 

Table  51. — Heat  balance  of  Hering  furnace. 

Application  ot  heat.  Kw. 

Usefully  employed  in  melting 31 

Lost  in  cooling  electrodes 471 

Lost  in  cooling  transformer  and  leads,  approximately 51 

Lost  tiiroagh  radiation  from  furnace  shell,  approximately 16 

Total 100 

The  A]  ax  Metal  Co.  made  many  attempts  to  improve  the  electrodes. 
Copper  electrodes  of  various  shapes  were  tried  to  no  avail.  £fforts 
were  then  made  to  utilize  an  electrode  of  higher  melting  point  to 
require  less  water-cooling.  Attempts  were  made  to  use  steel  elec- 
trodes with  tips  insoluble  in  brass,  the  tips  being  welded  on  or  cast 
into  the  steel.  Ferrochrome  as  a  tip  dissolved  somewhat  in  the  bath. 
Ferrotungsten  did  not,  but  gave  trouble  from  cracking.  The  nearest 
approach  to  a  satisfactory  electrode  was  a  tubular  steel  electrode 
with  a  graphite  tip,  but  it  did  not  last  long,  as  the  brass  soon  worked 
back  of  the  graphite.  Even  with  this  change,  26  per  cent  of  the 
power  supplied  was  lost  in  the  cooling  water  and  the  best  figures  on 
power  consumption  were  360  to  336  kw.  h.  per  ton  on  continuous 
operation.  Continual  trouble  was  met  through  cracking  of  the 
furnace  bottom  and  the  seeping-in  of  metal,  forming  fins  that  sooner 
or  later  short-circuited  the  electrodes. 

After  long  and  patient  experimental  work  the  Hering  furnace  was 
abandoned  by  the  National  Cash  Register  Co.,  the  Scoville  Manu- 
facturing Co.,  and  the  Ajax  Metal  Co.,  and  has  not  since  been  tried 
out  further.  No  other  electric  furnace  suggested  for  brass  melting 
that  is  not  now  in  commercial  use  had  such  a  thorough  trial  as  the 
Hering. 

Dr.  Hering  is  understood  to  contemplate  the  test  of  a  modification 
of  his  furnace,  designed  especially  for  steel,  in  which  the  furnace  is 

^Clamer,  G.  H.,  and  Bering,  C,  The  electric  fnmace  for  brass  melting:  Trans.  Am. 
Tnst.  Metals,  vol.  6.  1912,  p.  06. 
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to  have  two  hearths  connected  by  a  refractory  wall  in  which  is  pro- 
vided a  hole  connecting  the  hearths,  the  molten  metal  in  this  hole 
acting  as  the  resistor.  The  low-voltage  current  is  to  be  led  into  each 
hearth  by  many  relatively  small  wires  or  rods — of  iron  for  a  steel 
furnace,  of  copper  for  a  brass  furnace.  Whether  thus  subdividing 
the  electrodes  and  embedding  them  in  the  refractory  end  walls  of  the 
furnace  will  allow  operation  without  excessive  heat  loss  can  only  be 
determined  bv  trial. 

Quesneau  ^®  has  suggested  a  furnace  in  which  the  pinch  effect  was 
allowed  to  make  and  break  the  circuit  continually  in  a  resistor  tube, 
the  heating  being  done  either  wholly  by  the  resistance  heating  in  the 
tube  or  by  having  such  a  tube  in  the  same  circuit  with  an  arc  in  order 
to  stir  the  charge.  These  furnaces  unquestionably  never  ran,  for  all 
experience  shows  that  a  furnace  in  which  the  pinch  force  is  causing 
continual  disruption  of  the  current  refuses  to  take  enough  power  to 
do  work  and  becomes  inoperable ;  moreover,  it  is  entirely  out  of  the 
question  to  combine  an  aric  and  a  pinch-effect  resistor  in  the  same 
circuit,  as  the  current  and  voltage  requirements  of  the  two  are  widely 
different. 

If  some  form  of  the  pinch  effect  on  a  separate  circuit  could  be 
utilized  as  an  electromagnetic  pump,  not  primarily  as  a  source  of 
heat,  to  stir  the  metal  in  a  direct  or  indirect  arc  furnace,  it  might 
serve  to  decrease  surface  overheating;  but  no  satisfactory  form  has 
been  suggested,  and  other  means  of  stirring  appear  cheaper  and 
more  convenient. 

The  main  trouble  with  the  Hering  furnace,  then,  lies  in  the  use 
of  solid  electrodes  which  have  to  be  water-cooled  to  keep  them  solid 
and,  in  this  water-cooling,  use  too  much  power.  The  next  step  obvi- 
ously is  to  eliminate  the  electrodes  by  joining  two  resistor  tubes  to- 
gether and  by  making  them  form  the  secondary  of  an  induction  fur- 
nace with  the  metal  in  the  hearth,  but  retaining  the  use  of  the 
hydraulic  head  of  the  molten  charge  to  oppose  the  pinch  force  and 
prevent  rupture. 

This  suggested  change  brings  the  design  to  that  of  a  vertical  ring 
induction  furnace  that  may  be  visualized  by  thinking  of  a  signet 
ring  with  the  signet  held  uppermost.  The  signet  represents  the  body 
or  hearth  of  the  furnace,  which  contains  the  bulk  of  the  charge,  while 
the  circlet  of  the  ring  forms  the  resistor  loop  or  secondary  of  the 
induction  furnace.  The  loop  may,  of  course,  be  at  any  angle  or  of' 
any  shape  as  long  as  it  is  below  the  body  of  the  bath,  that  hydraulic 
head  may  oppose  the  pinch  force. 

•>  Quemeaa,  A.  L.  J„  U.  S.  Pat  948,348.  Feb.  8,  1910.    A  new  electric  steel  farnace, 
TraiiB.  Am.  Electrochem.  Boc.,  toI.  17,  1910,  p.  131« 
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VERTICAL  BSSQ  nrDTTGTZOH  FUBKAdL 

Various  forms  of  vertical  ring  induction  furnaces  have  been  sug- 
gested, and  a  few  of  them  tried  out,  for  melting  steel,  or  for  use  in  the 
hearth  of  a  furnace  for  ore  reduction,  but  melting  brass  in  them 
was  not  suggested  when  they  were  brought  out.  Schneider  ^^  first 
described  a  furnace  of  this  type,  the  patent  description  being  fairly 
sunple  and  closely  allied  to  later  successful  forms  of  this  type.  The 
Schneider  furnace  was  built  and  tested  at  the  Creusot  works  in  France 
in  a  rather  more  complicated  form.  Guillet  ®*  states  that  the  circu- 
lation in  the  inclined  resistor  channels  of  the  Schneider  furnace  was 
very  rapid  and  ascribes  it  to  the  difference  in  density  between  hot 
and  cool  metal.  The  writers  have  experimented  with  copper  and 
brass  contained  in  tubular  containers  like  those  of  the  Hering  furnace, 
highly  heated  at  the  bottom  and  comparatively  cool  at  the  top.  The 
heat  was  developed  outside  the  containers  and  not  in  the  metal  itself 
in  order  to  eliminate  pinch  effect  and  to  leave  only  the  thermal  circu- 
lation. The  motion  could  hardly  be  noted  and  was  not  in  the  least 
comparable  to  the  violent  motion  in  a  resistor  in  which  the  pinch 
force  is  acting.  It  is  plain  that  circulation  due  to  pinch  force  was 
obtained  in  the  original  Schneider  furnace,  though  it  was  not  recog- 
nized as  such  at  the  time.  The  idea  that  circulation  was  caused  by 
differences  in  the  density  was  taken  up  by  Gin,*^  who  designed  a  fur- 
nace, with  the  cooperation  of  Schneider,  in  which  two  hearths  were 
connected  by  tubes  below  the  metal  level,  but  it  does  not  appear  to 
have  had  much,  if  any,  commercial  success.  There  have  been  some 
later  developments  of  this  type  for  steel  melting,  since  a  Saladin- 
Schneider  is  listed  among  induction  furnaces,  presumably  operating 
according  to  a  recent  article  by  Escard."* 

The  rights  to  the  Schneider  patents  for  the  United  States  have 
been  purchased  by  the  Ajax  Metal  Co. 

German  patents  to  Wallin  *'  and  to  Vereinigte  chemisch-metallur- 
pische  und  metallographische  Laboratorien  "'*  describe  modifications 
of  the  vertical-ring  idea,  but  do  not  appear  to  have  been  brought  to 
any  commercial  application. 

Snyder'^  patents  a  form  of  vertical  ring  induction  furnace  in 
which  part  of  the  ring  may  be  a  solid  or  liquid  conductor,  the  fur- 

n  Schneider,  C.  P.,  V,  8.  Pat.  761.920,  June  7,  1904;  763,830,  June  21,  1904;  aamer, 
G.  H.,  Melting  brass  in  tlie  induction  furnace:  Jour.  Am.  Inst.  Metals,  yol.  11,  1917, 
p.  385. 

tt  Quillet.  L.,  Les  alliages  metalliques,  1906,  p.  70. 

"Gin,  G.,  U.  S.  Pat  875,801,  1908.  Blectrometallurgy  of  the  rare  metals,  Trana 
Am.  Electrochem.  See.  vol.  12.  1907.  The  self-circulating  Oin  tumnc%  for  tfte  «leetrie 
manufacture  of  steel.  Trans.  Am.  Bleetrochem.  Soc.,  voL  15,  1909,  p.  205. 

•*  Escard,  J.,  IndoctloiL  furnaces  for  making  8teel»  E»T.  gen.  Velectrldte^  Dee.  18,  1919, 
abstracted  in  Iron  Age,  105,  1920,  p.'  606. 

<•  Wallin,  N..  German  Patent  183,622.  Mar.  4.  1907,  application  Oct.  9^  1904. 

**  Vereinigte  chemiach-metallurgische  und  metallographische  Laboratorien*  G.  m.  b.  B^ 
in  Berlin :  German  Patent  224,877.  Aug.  3,  1910,  application  Noy.  27,  1907. 

"Snyder,  F.  T.,  U.  S.  Patents  825.859,  July  10,  1906;  859,184,  859,137,  July  2,  1907. 
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nace  being  designed  for  smelting  zinc.  Copper  is  mentioned  as  the 
material  of  the  solid  conductor,  bat  it  would  be  dissolved  by  molten 
zinc  in  contact  wiih  it. 

Crafts*'  described  a  somewhat  similar  design.  Neither  the  Snyder 
nor  Crafts  induction  furnaces  were  desrigned  for  brass  melting  nor  do 
they  appear  to  have  gotten  to  the  commercial  stage. 

FOLET  FURNACE. 

A  mngle-phase  vertical-ring  induction  furnace,  intended  for  brass 
melting,  was  built  by  C.  B.  Foley  ®"  at  the  plant  of  the  Xational  Cash 
Register  Co.  in  1913-14,  and  the  first  attempt  at  running  it  was 
made  on  January  20,  1S14,  in  the  presence  of  one  of  the  writers. 

The  furnace  consisted  of  a  hearth  5  inches  wide,  14  inches  long, 
10  inches  deep.  Connecting  with  each  end  of  the  hearth  was  a  seg- 
ment, about  260°,  of  a  circle  of  about  18  inches  diameter.  This  seg- 
ment had  a  circular  cross  section  of  2  inches  diameter.  To  pro- 
vide a  conducting  secondary  to  start  the  furnace  a  copper  ring,  1 
inch  in  cross-sectional  diameter,  was  placed  inside  a  wooden  ring, 
the  outside  diameter  of  whose  cross  section  was  2  indies.  This 
wooden  ring  was  rammed  up  inside  the  furnace  to  form  the  second- 
ary tube.  The  lining  of  btmded  magnesite  was  rammed  up  inside 
the  furnace  shell  above  this  wooden  form  and  about  another  one  in 
contact  with  the  first  to  form  the  hearth.  After  the  magnesite  hod 
dried  the  hearth  form  was  removed,  and  the  current  turned  on  to  heat 
the  copper  ring  and  to  char  the  wood  of  the  resistor  form ;  then  an  air 
blast  was  turned  onto  the  wood  and  the  wood  burned  and  blown  out, 
leaving  the  1-inch  diameter  copper  ring  loosely  hanging  in  the  2-inch 
diameter  secondary  loop.  One  leg  of  the  rectangular,  laminated  core 
on  which  the  primary  coils  were  wound  passed  through  a  hole  in 
the  center  of  the  furnace,  thus  being  within  the  resistor  loop. 

The  first  thing  to  find  out  about  this  type  of  furnace  was  whether 
there  would  be  the  same  sort  of  circulation  in  the  Foley  resistor  loop 
as  in  the  Hering  reustor  tubes.  Hitchcock  "^  had  stated  that  in  order 
to  get  a  circulation  dtM  to  the  pinch  force  there  must  be  a  solid  end 
in  such  a  resistor,  and  Hering*'  had  said  that  in  s  single  resistor 
tube  with  two  outlets  there  would  be  a  squirting  of  the  metal  from 
both  ends  of  the  tube,  but  a  stagntmt  place  in  the  tube  "  whwe  the 
metal  would  not  be  circulating,  and  hence  would  immediately  over- 
heat and  vaporize." 

In  order  to  test  this  statement  and  to  get  some  information  out 
of  the  furnace  before  runniog  the  risk  of  spoiling  it  by  trying  to  use 

"Crafts,  W.  N..  V.  S.  Pateots.  1,069,928,  i,060.«Zi.  Oct.  12,  1918;  l,OtO,017,  Aug, 
12,  1018. 

■  Folef,  C.  B.,  Rogllsh  Fat«m  114, SS3  of  Alir.  13,  IBIS. 

-  Hitchcock.  B.  K.,  DiacusBlOD,  Trans.  Am.  Electrocbem.  S<k.,  vol.  19,  1911,  p.  267. 

H  Hering,    C,    DlacUBBlon,    Trans.     Am.    Electnjchem.    Soc.    vol.     19,    1911,    p.    269. 
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it  on  brass,  it  was  decided  to  run  on  lead  and  to  see  whether  the  cir- 
culation desired  was  obtained.  So  the  copper  ring  was  brought  to 
redness  and  the  lead  was  fed  in.  The  furnace  took  8  to  8|  kw.  with 
a  primary  voltage  of  450  to  460  and  an  amperage  of  41  to  44,  the 
power  factor  being  23  per  cent.  One  of  the  four  primary  coils  was 
then  cut  out,  the  primary  voltage  being  then  468,  amperage  76,  the 
kw.  17.4,  and  the  power  factor  50  per  cent. 

As  soon  as  enough  lead  had  been  melted  by  the  hot  copper  ring  to 
fill  the  vacant  space  in  the  resistor  tube  and  to  establish  the  connec- 
tion of  molten  lead  in  the  hearth  between  the  ends  of  the  resistor  tube, 
a  violent  circulation  was  set  up,  a  little  fountain  of  lead  being  formed 
over  each  opening  into  the  resistor  tube,  just  like  the  action  of  the 
Hering  resistor  tubes  in  small  Hering  furnaces  that  had  been  seen 
working  on  lead.  The  pumping  of  the  lead  out  of  the  resistor  was 
violent  enough  to  force  out  or  float  out  the  nails  that  had  been  used 
in  fastening  the  wooden  form  used  for  the  resistor  tube  in  the 
rammed-up  lining. 

In  18  minutes  the  furnace  melted  and  raised  to  525^  C,  102  pounds 
of  lead,  the  furnace  operating  at  an  average  of  17.5  kw.,  using  3.8 
kw.  h.  and  having  a  power  factor  of  58. 

The  furnace  had  not  been  provided  with  a  tilting  mechanism,  so 
some  of  the  lead  was  ladled  out,  but  the  resistor  tube  was  left  filled 
with  it  and  the  current  was  cut  off,  the  lead  freezing  in  the  tube. 

On  turning  on  the  current  and  melting  the  solid  lead  it  was  found 
that  a  crack  had  been  made  in  the  magnesite  lining,  as  lead  began  to 
drip  out  at  one  point.  The  leak  was  plugged  up  and  the  run  con- 
tinued. About  203  pounds  solid  lead  left  in  liie  furnace  was  melted 
and  raised  to  425^  C.  in  40  minutes,  using  12.5  kw.  h.  One  hundred 
and  three  pounds  more  lead  was  then  charged,  melted  and  raised  to 
425"^  C.  in  11^  minutes,  using  3.5  kw.  h. 

The  lead  was  again  ladled  out  down  to  the  copper  ring  and  an 
attempt  made  to  melt  the  ring.  Before  it  melted,  however,  it  be- 
came soft,  and  a  piece  broke  out,  thus  breaking  the  secondary  circuit. 
About  50  pounds  of  molten  red  brass  was  poured  in  to  restore  the 
circuit,  and  as  the  furnace  was  only  taking  17  to  18  kw.,  another 
of  the  primary  coils  was  cut  out.  The  furnace  then  took  48  kw.  at 
440  volts,  163  amperes  on  the  primary,  or  a  power  factor  of  73.  The 
copper  ring  melted  and  the  furnace  operated  for  a  few  moments  on 
an  alloy  made  up  of  lead,  copper,  and  red  brass;  that  is,  it  might  be 
considered  a  heavily  leaded  red  brass.  The  circulation  with  brass 
was  the  same  as  had  been  shown  with  lead,  and  nothing  out  of  the 
way  occurred  that  could  be  ascribed  to  a  "  dead  spot  **  in  the  resistor. 

The  leak  that  had  been  successfully  plugged  when  lead  only  was 
melted  began  again  and  the  furnace  could  no  longer  be  operated. 
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The  run  had  indicated,  however,  that  a  pinch-force  circulation 
could  be  obtained  in  a  vertical-ring  induction  furnace.  It  had  also 
shown  that  a  charge  should  not  be  allowed  to  freeze  in  the  resistor 
tube  of  such  a  furnace. 

Work  on  the  Foley  furnace  was  not  carried  further  at  the  National 
Cash  Register  Co.,  but  was  later  resumed  at  the  plant  of  the  Bristol 
Brass  Co.  In  March,  1917,  one  of  the  writers  visited  this  plant  and 
saw  a  60-kw.  furnace  of  about  1,000-pound  capacity,  capable  of  pour- 
ing some  700  pounds  per  heat.  The  furnace  was  not  in  operation, 
as  it  was  undergoing  alteration.  Material  was  on  hand  for  three 
larger  furnaces  of  about  3,000  pounds  capacity,  but  construction  had 
not  been  started. 

The  experimental  furnace  had,  at  that  time,  a  secondary  in  the 
form  of  a  flat  tube,  about  6  inches  wide  by  three- fourths  inch  thick 
instead  of  the  circular  one  of  the  first  furnace,  the  change  being  made 
to  cut  down  magnesite  leakage.  The  resistor  loop  is  circular,  not 
having  the  sharp  angle  of  the  loop  in  the  Ajax-Wyatt  furnace,  which 
will  be  despribed  later.  The  resistor  is  made  by  ramming  up  two 
large  blocks  from  a  mixture  of  ground  old  crucibles,  bonded  with 
fire  clay  and  water  glass.  These  blocks  are  allowed  to  dry  slowly 
and  a  depression  corresponding  to  half  the  resistor  loop  is  cut  in  each. 
Cement  is  put  on  the  faces  of  the  two  blocks  and  the  two  put  together, 
thus  completing  the  casing  of  the  resistor  loop.  The  two  halves  of 
the  casing  are  held  together  in  a  heavy  iron  frame  and  tightly 
squeezed  by  screwing  the  frame  together.  The  assembled  casing  is 
then  similarly  cemented  and  fastened  tightly  to  the  hearth  by  rods 
and  tumbuckles,  thus  assembling  the  furnace.  The  hearth  has  a 
brick  lining,  with  thick  walls,  about  15  inches  being  used. 

The  furnace  at  this  time  had  a  power  factor  of  only  58,  owing 
largely  to  the  distance  between  secondary  loop  and  core,  this  dis- 
tance being  about  8  inches — 5  inches  of  refractory  and  3  inches  of 
air  space.  Water  cooling  of  the  refractory  walls  within  the  secondary 
and  outside  the  core  has  since  been  introduced,  and  should  allow  cut- 
ting down  this  space  and  therefore  lower  somewhat  the  magnetic 
leakage  and  raise  the  power  factor. 

This  furnace  was  built  to  take  2,300  volts  direct  on  the  furnace 
primary,  which  the  writers  consider  unsafe.  Mr.  Foley  states  that 
he  can  use  220  or  440  volts  just  as  well,  as  2,300- volt  furnace  being 
so  designed  to  save  the  cost  of  a  transformer  for  stepping  down  from 
that  voltage  to  whatever  voltage  is  chosen  for  the  furnace  primary. 

The  furnace  was  designed  to  pour  through  a  tap  hole  from  beneath 
the  surface  of  the  metal,  the  flow  being  controlled  by  a  graphite  plug. 
It  was  mounted  on  a  wheel-and-track  system  for  pouring  direct  into 
molds. 

No  detailed  data  on  actual  operation  of  the  Foley  furnace  are 
available,  though  some  melting  has  been  done.    A  power  consump- 
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tion  of  226  kw.  h.  per  ton  on  70 :  30  brass  is  claimed,  this  being  taken 
with  the  furnace  hot,  as  it  would  be  in  24-hour  operation. 

A  copper  ring  is  put  into  the  resistor  loop  when  the  furnace  is  as- 
sembled and  in  starting  up  this  is  heated  by  the  current  and  zinc  or 
fed  in  till  the  loop  is  filled,  or  molten  zinc  is  poured  in;  then  brass, 
and,  finally,  copper  are  fed  in  till  the  charge  has  the  desired  com- 
position. 

In  February,  1918,  Mr.  Foley  offered  to  install  for  a  prospective 
customer  a  single-phase  125-kw.  furnace,  capable  of  melting  1,000 
pounds  of  yellow  brass  per  hour  at  not  over  260  kw.  h.  per  ton  on  con- 
tinuous operation.  In  fact,  it  was  stated  that  pure  copper  could  be 
melted  at  that  rate,  and  that  it  was  possible  to  hold  the  metal  molten 
over  night  when  working  one  shift  only,  with  a  power  input  of  12.5 
kw.  The  primary  voltage  would  be  220  or  440,  as  desired,  the  sec- 
ondary voltage  8  to  10.  No  statement  was  made  as  to  power  factor, 
save  that  it  was. "  high."  The  life  of  the  lining  on  continuous  24-hour 
operation  was  said  to  be  2,000  heats,  or  1,000  tons.  The  same  furnace 
is  said  to  be  applicable  to  brass,  bronze,  and  aluminum.  ^  There  are 
no  data  available  on  actual  runs  in  this  furnace  to  show  whether  the 
figures  given  the  prospective  customer  have  or  have  not  been  attained 
in  actual  operation.  The  Bristol  Brass  Co.,  at  whose  plant  most  of 
the  experimental  work  on  the  Foley  furnace  has  been  carried  out, 
stated  ^^  that  the  furnace  was  not  yet  on  a  truly  commercial  basia 
Nothing  has  been  heard  as  to  any  later  development. 

Brophy  *^  has  patented  a  still  different  form  of  vertical  ring  induc- 
tion furnace,  but  no  actual  application  of  it  is  known. 

AJAX-WYATT  ETTBKACE. 

The  only  vertical  ring  induction  furnace  in  wide  commercial  use 
in  brass  melting  is  the  Ajax-Wyatt,  developed  by  G.  H.  Clamer  and 
J.  R.  Wyatt,  of  the  Ajax  Metal  Co.,  after  their  experience  with  the 
Hering  furnace  had  shown  that  a  furnace  with  the  mrtal  circulation 
of  the  Hering  was  desirable,  but  that  the  dectrode  losses  of  the 
Hering  should  be  eliminated.  It  has  been  the  result  of  a  long  series 
of  painstaking  experiments.  The  first  commercial  Ajax-Wyatt  fur- 
nace is  shown  in  Plate  XXI,  4,  p.  235.  The  30-kw.  furnace  had  al- 
most its  present  form  in  October,  1916,  and  the  60-kw.  in  the  summer 
of  1917.  Though  the  furnaces  were  in  constant  use  at  the  plant  of  the 
Ajax  Metal  Co.,  and  a  number  were  supplied  to  several  other  firms 
desiring  to  get  an  early  start  in  the  use  of  the  furnaces,  it  was  not 
until  the  fall  of  1919,^^  by  which  time  the  design  of  the  furnace  had 

••Cartnell,  Wm.,  Personal  communication,  Jan.  22,  1920. 

••Bropiiy,  O.,  U.  8.  Patent  1,206,762.  Mar.  11,  1919. 

•*  Metal  Ind.,  vol.  17,  November,  11)19,  p.  v.     See  also  60  Ajax-Wyatta  in  operation. 

Review  of  Electric  Furnace  Industry,  Elect.  World,  vol.  T5,  1920,  p.  161. 
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been  standardized  and  fall  information  collected  on  its  behavior, 
that  the  furnace  was  advertised  for  general  sale.  The  conservative 
attitude  of  the  designers  of  this  furnace  is  shown  also  by  their  frank 
acceptance  of  the  limitations  of  this  type  and  their  refusal  to  supply 
it  for  use  under  conditions  to  which  it  is  not  fitted. 

The  Ajax-Wyatt  furnace  has  been  described  by  Wyatt,®**  Clamer,®* 
Blakeslee,*^  and  Kenyon.**  It  is  built  under  the  Wyatt  patents 
under  licenses  as  to  the  Schneider,  Kjellin,  and  Hering  patents.** 

To  produce  circulation  of  the  metal,  this  furnace  utilizes  not  only 
a  slight  amount  of  thermal  or  gravity  circulation,  due  to  heating  the 
metal  from  the  bottom,  and  some  "pinch"  force,  due  to  the  high 
current  used,  some  10,000  amperes  at  about  4  volts,  in  the  secondary 
of  the  30  to  40  kw.  size  and  at  about  6  in  the  60-kw.,  but  also  ^ 
"  motor  "  force.*  This  latter  force  is  due  to  the  attraction  or  repul- 
sion between  two  conductors  respectively  carrying  current  in  the 
same  or  in  opposite  directions.  The  "  pinch  "  force  in  any  conductor 
is  due  to  the  current  in  any  single  part  of  that  conductor  alone ;  the 
motor  force  is  due  alone  to  the  current  in  another  conductor  or  to 
another  part  or  branch  of  the  same  conductor.  When  the  conduc- 
tors are  molten  the  motor  force  causes  a  flow  of  the  molten  material. 

By  using  a  conductor  with  two  branches  at  an  acute  angle  with 
each  other  the  circulation  due  to  motor  force  can  be  made  great  and 
can  be  made  to  supplement  or  reinforce,  instead  of  opposing,  the 
circulation  due  to  the  "  pinch  "  force. 

The  secondary  of  the  Ajax-Wyatt  vertical  ring  induction  furnace 
is  made  in  the  general  shape  of  an  equilateral  triangle  instead  of  in 
that  of  a  semicircle  and  is  shown  diagrammatically  in  figure  35. 
By  this  form  circulation  is  obtained  by  a  combination  of  three 
forces — gravity  (heated  metal  rising),  "pinch"  force  (as  in  the 
Hering  furnace),  and  motor  force.  The  circulation  set  up  is  very 
great,  and  the  motion  of  the  metal  appears  to  facilitate  the  separa- 

« Wyatt,  J.  R.,  U.  S.  Patents  1,201,671,  Oct.  17,  1016;  1,235,628,  1,235.629,  1,235.630, 
Aug,  7,  1917;  1,312,069,  Aug.  19,  1919;  1,318,571,  Aug.  5,  1919. 

••Clamer,  O.  H.,  MeltlDg  brass  In  the  indnction  farnace,  Jour.  Am.  Inst.  Metals,  vol. 
11,  1917.  p.  381.  Ajax-Wyatt  electric  furnace.  Metal  Ind.,  yoI.  17.  1919,  p.  362.  The 
Induction  electrtc  furnace,  .Tour.  Franklin  Inst.,  vol.  190,  1920,  p.  473.  Brass  World, 
vol.  16,  1920,  p.  337,  vol.  17,  1921,  pp.  3,  36. 

"^Blakeslee,  R.  N.,  Jr.,  Operating  brass-making  induction  furnaces,  Meet.  World,  vol. 
74,  1919,  p.  642. 

**  Kenyon,  O.  A.,  Developments  in  brass  melting,  Iron  Age,  vol.  105,  1920,  pp.  819,  880 ; 
Brass  World,  vol.  16,  1920,  p.  87. 

•Kjellin,  P.  A.,  U.  8.  Pateat  682,088.  Sept  8,.  1901;  Schneider,  C.  P.  B.,  U.  S. 
Patents  761,920,  June  7,  1904,  and  763,330,  June  21,  1904;  nerlns:.  C,  U.  S.  Patent 
988,936,  Apr.  4,  1911. 

^Nortbrup,  B.  F.,  Nature  and  explanation  of  the  motor  effect  in  the  Ajax-Wyatt  fur- 
nace :  Jour.  Franklin  Inst.,  vol.  190,  1920,  p.  817. 
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tion  of  foreign  particles  such  as  dirt, 
dross,  and  oxide,  and  hence  to  produce 
clean  metal. 

The  furnace  is  deigned  to  avoid  the 
low-power  factor  common  to  horiztnital- 
ring  induction  furnaces.  The  resistor 
loop  or  triangle  has,  in  a  30-kw.  me,  a 
cross  section  of  about  8|  by  J  inches,  be- 
in^  made  thin  and  flat  to  inclose  as  many 
lines  of  force  as  possible  and  to  avoid 
magnetic  leakage.  The  laminated  iron 
transformer  core  of  the  furnace  is  built 
in  rn  shape,  as  shown  in  figure  35,  the 
primary  coil,  of  flat  copper  insulated  by 
asbestos  tape,  being  wound  about  the  cen- 
tral leg,  and  thus  largely  inclosed  by  the 
secondary  loop.  The  core  and  primary 
are  inclosed  in  a  brass  or  other  nonmag- 
netic casing,  air  from  a  small  motor- 
driren  blower  being  led  into  this  casing 
to  cool  the  core  and  the  primary.  There 
is  no  water  cooling  of  any  part  of  the 
furnace. 

The  30-kw.  size  uses  220-TOlt,  60-cycle 
current  at  about  200  amperes  on  the  pri- 
mary, and  forms  a  step-down  trans- 
former of  a  ratio  of  about  55  to  1, 
the  secondary  voltage  being  about  4, 
the  amperage  about  lOyOOO,  and  the 
power  factor,  on  60-cycle  current, 
above  80. 

The  CO-kw.  furnace  also  has  a  power 
factor  of  about  80.  It  is  calculated  that 
80  kw.  is  as  high  a  power  as  a  single  loop 
can  take  on  brass  without  having  the 
power  factor  fall  below  70.  To  construct 
furnaces  of  such  large  capacity  that 
more  power  is  required,  it  will  be  neces- 
sary to  go  to  polyphase  operation.  A 
furnace  with  two  or  three  secondary 
loops  attached  to  the  same  hearth  could 
thus  be  built  to  take  at  least  140  kw., 
at  a  70  per  cent  power  factor;  such  a 
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furnace  would  melt  at  least  1^50  pounds  of  yellow  brass  per  hour. 
The  furnace  is  so  far  in  commercial  use  only  in  30,  60,  75,  and  80  kw. 
sizes,  single-phase,  but  experimental  work  is  now  under  way  on 
larger  polyphase  types. 

The  furnace  does  not  require  so  thick  a  lining  to  attain  a  good 
thermal  efficiency  as  most  of  the  other  types  do,  because  at  no  time  is 
any  part  of  the  hearth  raised  to  a  temperature  above  that  at  which 
the  metal  is  poured,  as  the  heat  is  generated  wholly  in  the  metal  itself. 
Even  the  resistor  tubes,  where  the  heat  is  generated,  are  probably  not 
heated  over  25°  C.  (45°  F.)  above  the  pouring  temperature  of  the 
charge.  The  problem  of  refractories  as  far  as  resistance  to  fusion 
at  working  temperatures  is  therefore  not  difficult,  although  other 
factors  as  will  be  shown  later  make  this  less  simple  than  it  appears 
from  the  point  of  view  of  temperat.ure  alone. 

The  furnace  is  compact,  occupies  relatively  little  floor  space,  and 
like  all  other  well-designed  electric  bi*ass  furnaces,  is  cool  to  work 
around.  There  is  no  waste  space  at  all  in  the  furnace,  so  that  the 
wall  radiation  is  at  a  minimum.  The  furnace  can  be  tightly  closed 
to  prevent  loss  of  zinc,  and  even  if  the  cover  were  not  tightly  closed 
is  of  such  a  form  that  the  heavy  zinc  vapor  will  tend  to  lie  in  it  and 
not  be  continually  forced  out,  as  there  will  be  no  draft  through  the 
furnace  as  long  as  the  pouring  spout  is  plugged  tight. 

There  is,  however,  no  automatically  reducing  atmosphere  in  the 
furnace  such  as  is  found  in  all  tightly  closed  electric  brass  furnaces 
using  carbon  or  graphite  electrodes  or  resistors.  The  furnace  at- 
mosphere is  normally  oxidizing,  and  it  is  necessary  to  maintain  a 
good  cover  of  charcoal  over  the  metal  to  counteract  this.  On  account 
of  the  oxidizing  atmosphere  there  is  a  tendency  for  a  crust  of  zinc 
oxide  to  form  on  the  inside  of  the  hearth  at  the  top,  and  in  order  to 
prevent  this  from  reducing  the  hearth  capacity,  it  is  necessary  to  chip 
it  out  with  an  air  hammer  and  high  speed  steel  tools  every  two  or 
three  days. 

The  furnace  is  built  in  two  forms,  one  for  ladle  pouring,  in  which 
the  furnace  tilts  on  trunnions,  as  in  Plate  XXII,  A^  the  other  for 
pouring  direct  into  molds,  in  which  it  tilts  on  the  lip.  A  battery 
of  trunnion-mounted  furnaces,  Plate  XXIII,  and  a  battery  of  lip- 
tilting  furnaces,  Plate  XXIV,  are  used  at  the  plant  of  the  Bridge- 
port Brass  Co. 

Inasmuch  as  the  power  supply  to  the  furnace  depends  on  the  re- 
sistance  of  the  molten  metal  in  the  resistor  loop,  and  as  the  resistance 
of  a  60 :  40  brass  and  of  pure  copper,  for  example,  are  widely  differ- 
ent, it  is  obvious  that  if  the  furnace  is  to  be  used  for  such  different 
alloys,  some  means  must  be  provided  for  varying  the  primary  volt- 
age, as  by  an  autotransformer  stepping  down  the  high  tension  cur- 
rent, say  of  2,300  or  6,600  volts  to  the  furnace  voltage  of  around  220 


264  ELECTRIC  BRASS  FURNACE  PRACTICE. 

volts,  by  which  the  furnace  voltage  can  be  .altered.  By  such  means 
alloys  of  90  copper,  10  zinc,  or  60  copper,  40  zinc  can  be  handled 
satisfactorily  in  the  same  furnace.  Alloys  above  90  per  cent  in  cop- 
per have,  however,  so  low  a  resistance  that  a  resistor  of  smaller  cross 
section  than  that  supplied  for  use  on  alloys  high  in  zinc  would  be 
required.  It  is  more  difficult  to  get  a  good  power  factor  on  the  high 
copper  alloys,  and  the  furnace  is  in  general  not  so  well  fitted  for 
such  use. 

An  even  more  important  limitation  lies  in  the  fact  that  any  short- 
circuiting  of  the  resistor  loop  would  be  fatal,  and  any  break-out 
which  might  allow  molten  metal  to  run  down  onto  the  primary  coils 
or  core  would  not  only  put  the  furnace  out  of  commission  but  might 
damage  parts  of  the  furnace  beyond  repair.  It  is  thus  essential  that 
the  refractory  forming  the  resistor  loop  be  free  from  any  tendency 
to  crack  and  to  allow  fins  of  metal  to  penetrate  it. 

To  meet  these  conditions,  tlie  resistor  loop  is  made  by  ramming  up 
a  high-temperature  asbestos  cement,  containing  fire  clay  and  asbestos, 
about  a  smooth  triangular  brass  form  the  size  and  shape  of  the  re- 
sistor loop  to  be  made. 

The  furnace  is  dried  out  slowly  in  the  air,  then  in  an  oven  for 
several  days,  and  finally  gradually  heated  up  to  drive  out  all  moisture 
and  to  set  the  cement  firmly.  The  ramming  and  drying  must  be  so 
well  done  that  no  cracks  develop,  and  the  operation  requires  skill 
and  experience.  Unless  the  work  is  properly  done  the  life  of  the 
lining  will  be  short. 

The  asbestos  gives  the  lining  sufficient  flexibility  to  stand  the  ex- 
pansion of  the  brass  form  without  cracking.  The  brass  form  is  left 
in,  and  when  the  furnace  is  assembled  and  ready  to  start  a  low 
voltage  is  impressed  on  the  primary  and  the  brass  secondary  gradu- 
ally heated.  Molten  zinc  is  then  fed  in  till  the  brass  pattern  has 
melted  and  the  resistor  tube  is  full  of  molten  metal ;  brass  and  copper 
are  then  fed  in  till  the  charge  has  the  desired  composition. 

The  asbestos  cement  lining  withstands  yellow  brass  successfully, 
the  average  life  of  a  lining  being  76  tons  on  the  30-kw.  furnace,  or 
500  heats  of  300  pounds,  and  as  high  as  375  tons  or  2,500  heats  has 
been  obtained  on  individual  linings.  The  cost  of  relining,  includini? 
labor  and  materials,  is  given  *  as  $60  for  the  40-kw.  and  $76  for  the 
60-kw.  size,  at  1917  prices.  Blakeslee  *  gives  it  as  "  less  than  $100 " 
for  the  30-kw.  in  1919.  The  lining  does  not,  however,  so  successfully 
withstand  the  action  of  alloys  high  in  lead,  which  is  notorious  for 
its  ability  to  soak  through  tHe  pores  of  any  refractory  lining. 

*  Clamer.  G.  H.,  Melting  brass  Id  the  Induction  furnace,  Jour.  Am.  Inst.  Metals,  vol.  U. 
1917,  p.  381. 

*  Blakeslee,  R.  N.,  Jr.,  Operatliiff  brass  maklotf  induction  furnaces,  Blect.  World,  toL  74, 
1910,  p.  642. 
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The  makers  do  not  advocate  the  furnace  for  alloys  containing 
over  3  per  cent  to  3^  per  cent  of  lead.  One  firm  reports,  however, 
that  a  30-kw.  furnace,  melting  mainly  borings  from  an  alloy  of 
about  60  per  cent  copper,  30  per  cent  zinc,  5  per  cent  tin,  6  per  cent 
lead,  gave  lining  lives  of  62,  64,  and  43  tons.  ' 

Since  rolling  mills  seldom  melt  alloys  containing  over  8  per  cent 
lead,  extrusion  metal  being  the  only  composition  given  by  Wood,' 
which  contains  more  than  that  amount,  the  furnace  is  rather  better 
fitted  for  the  average  work  of  a  rolling  mill  than  for  that  of  a 
foimdry  making  sand  castings,  as  the  average  foundry  must  often 
handle  mixtures  rather  high  in  lead.  This  limitation  may  ultimately 
be  removed  by  further  advances  in  knowledge  of  refractories. 

fOWSB  COVBUnTIOH. 

The  Ajax-Wyatt  is  the  most  efficient  electric  brass  furnace  yet  de- 
veloped, in  the  economical  use  of  power  when  operated  24  hours  a 
day.  Furnaces  of  other  types  are  seldom  very  efficient  in  so  small  a 
size  as  30  or  60  kw.,  but  it  is  doubtful  if  any  other  type  of  furnace 
of  whatever  size  can  operate  on  yellow  brass  24  hours  a  day  with  &s 
low  power  consumption  per  ton  of  metal  melted  as  the  60  or  80  kw. 
Ajax-Wyatt.  This  is  thoroughly  in  accord  with  the  theory,  since  the 
furnace  has  no  waste  space  and  generates  all  the  heat  in  the  metal 
itself.  Its  radiation  losses  are  therefore  small  and  unlike  the  Hering 
furnace  it  has  no  electrodes  to  draw  away  heat. 

The  30-kw.  furnace  melts  70:30  yellow  brass,  poured  at  1,065°  to 
1,095°  C.  (1,950°-2,000''  F.)  at  a  power  consumption  on  24-hour  oper- 
ation of  something  less  than  250  kw.  h.  per  ton  as  a  grand  average 
of  figures  obtained  under  average  operating  conditions  in  roUing 
mills.  The  figures  vary  from  200  to  300  kw.  h.  per  ton,  the  lower 
figure  being  obtained  on  heavy,  clean  scrap  and  the  higher  on  bulky, 
oily  turnings,  which  have  to  be  constantly  poked  down  into  the 
bath  with  the  furnace  cover  open  most  of  the  time. 

The  60-few.  furnace  does  better,  averaging,  perhaps,  200  kw.  h. 
per  ton.  It  has  melted  60:40  and  2:1  brass  at  174  to  180  kw.  h. 
per  ton.  When  the  larger  multiphase  furnaces  are  perfected,  it  will 
probably  be  possible  to  average  about  210  kw.  h.  per  ton  on  yellow  * 
brass,  24-bour  operation ;  and,  under  the  most  favorable  conditions, 
to  get  down  to  175  kw.  h.  per  ton.  As  this  represents  an  efficiency 
of  about  85  per  cent,  based  on  the  most  probable  figures  for  the 
power  theoretically  required,  it  is  not  likely  that  any  other  type  of 
furnace,  however  improved,  can  melt  at  a  lower-power  consumption 
per  ton  than  is  possible  in  this  type. 

•  Wood,  B.  A.,  Bran  roUlng  mill  aUoye,  Jonr.  Am.  Intt.  Hetali.  rol.  11.  I&IT,  p.  ISl. 
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On  a  test  of  one  of  the  early  low-powered  Ajax-Wyatt  furnaces, 
which  one  of  the  writers  witnessed  in  January,  1916,  the  furnace 
taking  only  22|  kw.,  the  following  results  were  obtained. 

A  total  of  1,190  pounds  of  yellow  borings — 62  per  cent  copper, 
86J  per  cent  zinc,  1^  per  cent  lead— poured  at  1,010*"  C.  (1,860°  F.) 
average  were  melted  in  7i  hours  using  164  kw.  h.,  at  the  rate  of 
280  kw.  h.  per  ton. 

On  a  week's  run  of  these  borings,  which  contained  about  1  per 
cent  oil  and  dirt,  94.2  per  cent  of  the  charge  was  recovered  as  ingot 
and  large  pieces  of  metal  from  the  skimmings ;  2.1  per  cent  was  re- 
covered by  washing  the  skimmings,  leaving  a  loss  on  the  original 
charge  of  3.7  per  cent,  or,  deducting  the  nonmetallic,  a  net  loss  of 
2.7  per  cent.  The  best  figures  obtained  on  the  same  sort  of  charge 
in  pit  fires  showed  a  loss  on  the  original  charge  of  6  per  cent,  or  5 
per  cent  net  loss.  This  figure  agrees  with  that  recently  given  by  the 
editor  of  Metal  Industry,  who  declared  **  that  in  melting  turnings  in 
a  crucible,  carefully  pushing  the  turnings  below  the  molten  metal  as 
fast  as  they  are  added,  the  volatilization  loss  is  5  per  cent. 

There  was  no  apparent  volatilization  of  zinc  in  this  run,  though 
there  were  formed  considerable  amounts  of  light,  fluffy  dross,  which 
entangled  much  shot  metal. 

In  a  test  made  in  1917  on  two  of  the  first  Ajax-Wyatt  furnaces  in- 
stalled at  the  Bridgeport  Brass  Co.,  in  24-hour  operation  on  extrusion 
metal  of  60  per  cent  copper,  1.5  per  cent  lead,  38.5  per  cent  zinc,  the 
charge  consisting  of  two-thirds  heavy  scrap  and  one-third  dirty,  oily 
chips,  sometimes  carrying  very  large  amounts  of  oil,  up  to  10  or  12 
per  cent,  157,399  pounds  of  metal  was  charged,  147,084  pounds  ingots 
(93.5  per  cent)  were  poured,  and  3,952  (2.5  per  cent)  pounds  metal 
were  recovered  from  dross,  making  a  total  recovery  of  96  per  cent 
and  an  apparent  loss  of  4  per  cent.  Most  of  this  loss  was  oil  and  non- 
metallic  charged  with  the  borings.  In  crucible  practice  on  the  same 
mixture  1^  pounds  extra  zinc  per  100  pounds  of  charge  must  be  added 
to  make  up  for  volatilized  zinc,  while  if  more  than  one-half  pound 
were  added  to  the  electrically  melted  charges  the  zinc  in  the  product 
was  too  high. 

The  furnace,  therefore,  saves  at  least  1  per  cent  of  the  metal  charged. 
Not  only  was  the  net  metal  loss  lower  than  in  the  pit  fires,  but  the 
amount  of  metal  to  be  put  through  a  recovery  process  was  decreased, 
a  given  charge  producing  more  metal  as  ingot  when  melted  in  the 
Ajax-Wyatt  than  when  melted  in  crucibles. 

The  157,399  pounds,  78.7  tons,  charged  used  16,888  kw.  h.,  or  215 
kw.  h.  per  ton.  On  the  basis  of  the  147,084  pounds,  78.6  tons,  of  ingots 
produced,  the  power  consimiption  was  230  kw.  h.  per  ton.   The  average 

■  Reply  to  inquiry  on  melting  losses,  Metal  Industry,  vol.  17,  1918,  p.  518. 
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output  was  260  pounds  per  hour.  On  further  use  one  furnace  melted 
100  tons  and  the  other  125  tons  before  requiring  relining.  Negro 
helpers  operated  the  furnaces  and  poured  and  shrunk  the  metal, 
obtaining  as  good  results  as  skilled  casters  on  the  pit  fires. 

The  Bridgeport  Brass  Co.  is  now  melting  all  its  metarelectrically, 
has  torn  down  the  stacks  of  its  pit  fires,  and  is  making  an  advertising 
campaign  *  based  on  the  uniform  high  quality  of  electrically  melted 
metal.  In  one  of  these  advertisements  it  is  stated  that  the  introduc- 
tion of  the  electric  furnace  has  been  the  greatest  advance  made  in  the 
brass  industry  in  140  years,  since  direct  alloying  superseded  the 
calamine  process.  This  firm  has  even  advertised^  its  reserve  stock 
of  crucibles  for  sale. 

Blakeslee  ®  gave  in  1919  the  following  figures  for  regular  operation 
of  a  battery  of  Ajax-Wyatt  furnaces  at  the  Bridgeport  Brass  Co. : 

Average  power  consumption  per  ton,  yellow  brass,  24-hour  opera- 
tion, was  250  kw.  h.,  average  net  metal  loss,  0.5  per  cent.  On  a  test 
run,  7f  hours,  a  furnace  gave  the  following  averages : 

Kilowatt  Input 37 

Pounds  output  per  hour 291 

Pounds  poured  per  kw.  h , 9. 63 

(or  208  kw.  h.  per  ton) 
Power   factor 81. 8 

Blakeslee  states  that  since  all  melting  at  this  plant  has  been  done 
electrically  there  has  not  been  a  single  case  of  "brass  shakes,"  and 
that  there  has  been  a  reduction  in  the  number  of  severe  bums  that 
formerly  frequently  occurred  from  the  breaking  of  crucibles. 

The  furnace  is  said  to  give  a  well-mixed  and  uniform  product.  It 
is  also  stated  that  the  ingot  can  be  shrunk  better  when  poured  direct 
from  the  electric  furnace  than  when  poured  from  the  crucibles.  In 
the  early  test  previously  cited  it  was  found  that  the  better  shrink- 
ing allowed  making  a  much  smaller  crop,  to  cut  off  the  piped  top, 
than  in  crucible  melting.  This  firm  is  now  using  some  larger  Ajax- 
Wyatt  furnaces  of  80-kw.,  1,600-pound  capacity,  which  give  about  205 
kw.  h.  per  ton.  The  power  factor  of  these  was  60  to  65  during  its 
early  development,  but  it  was  hoped  to  improve  this.  The  original 
lining  of  the  first  80-kw.  furnace  was  still  in  good  shape  after  melting 
995  tons.  Attention  has  also  been  given  by  this  firm  ®  to  the  design  of 
a  modification  of  the  Ajax-Wyatt,  in  which  heat  may  be  supplied  not 
only  at  the  bottom  of  the  hearth  but  at  the  top  also  by  an  arc,  a  re- 

•Rocking  furnace,  Electrical  World,  vol.  74,  No.  3,  July  19,  1919,  front  coyer.  AJaz 
furnace,  Electrical  World,  vol.  74,  Na  12,  Sept.  20,  1019,  p.  S2.  Removal  of  stack.  Elec- 
trical World.  Na  9«  Aug.  80,  1919.  p.  11 ;  Braas  World.  March,  1920,  p.  24. 

'  Bridgeport  Brass  Co.,  The  Foundry,  p.  188,  vol.  48,  Apr.  1,  1920, 

>  Blakeslee,  R.  N.,  jr..  Operating  brass  making  induction  furnaces.  Elect.  World,  vol.  74, 
1919,  p.  642. 

•  Clark,  W.  B»,  U.  S.  Patents  1,828,712  and  1,828.718,  Jaa.  20,  1920 ;  1,370,882,  Mar. 
8,  1921. 
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sistor,  or  by  fuel  heating,  as  in  the  melting  of  oily  borings  and  low 
grade,  dirty  scrap,  a  crust  is  apt  to  form,  bridging  over  the  hearth, 
and  requiring  excessive  poking  to  submerge  it  into  the  bath,  when 
the  heating  is  from  the  bottom  only.  A  design  for  preheating  by 
means  of  fuel  ^^  has  also  been  suggested,  but  none  of  the  modifications 
has  been  thoroughly  tried  out. 

TB8TB  or  OOXFCETB  HEAT  BAXJUTOE. 

Another  interesting  development  in  the  work  of  the  Bridgeport 
Brass  Co.  with  the  Ajax-Wyatt  has  been  the  making  of  a  test  to 
show  the  complete  heat  balance,  along  the  lines  of  a  boiler  test.  Un- 
fortunately the  results  of  this  test  have  not  been  published,  but  it  is 
stated  that  the  energy  actually  absorbed  by  the  metal  agreed  well 
with  that  determined  by  pouring  the  metal  into  a  calorimeter.  Ac- 
cording to  these  figures  it  takes  137.5  calories  per  pound  to  heat 
brass  of  61  per  cent  copper,  3  per  cent  lead,  36  per  cent  zinc,  to  1,000° 
C.  About  13.72  pounds  would  be  melted  per  kw.  h.  at  100  per  cent 
thermal  efficiency,  or  146  kw.  h.  per  ton. 

Richards  "  gives  a  figure  for  65 :  35  brass  at  1,000**  C,  equivalent  to 
136  kw.  h.  per  ton,  and  for  a  86 :  16  bronze  at  1,050**  C.  hie  gives  the 
same  figure.  Clamer  and  Hering  ^*  give  138  kw.  h.  per  ton  for  2 : 1 
brass  at  1,000"*  C.  Hansen^'  calculates  that  it  takes  8,240  large 
calories,  that  is,  191  kw.  h,  per  ton,  to  raise  100  pounds  of  copper 
to  1,300**  C,  7,395  calories  to  raise  100  pounds  of  previously  alloyed 
80 :  20  brass  to  1,100**  C.  174  kw.  h.  per  ton  and  6,919  calories  to  raise 
80  pounds  copper  plus  20  pounds  zinc  to  1,100**  C,  161  kw.  h.  per  ton, 
the  last  figure  being  lower  than  the  one  preceding  it  because  of  the 
heat  of  solution  of  zinc  in  copper.  According  to  the  probable  specific 
heat  of  molten  copper  alloys  it  will  probably  take  from  10  to  16  kw.  h. 
per  ton  of  brass  or  bronze  extra  for  each  extra  100**  C.  above  the 
melting  point  to  which  the  metal  is  raised.  The  experiments  of  the 
Bridgeport  Brass  Co.  indicate  that  the  figures  given  by  Richards,  on 
which  electric  furnace  efficiencies  have  usually  been  calculated,  are 
probably  low.  It  seems  likely  that  150  kw.  h.  per  ton  for  average 
yellow  brass  poured  about  1,050**  C.  and  170  kw.  h.  per  ton  for  aver- 
age red  brass  poured  at  1,200**  C.  are  better  figures  for  the  theoretical 
power  requirements. 

In  a  1917  test  at  one  of  the  plants  of  the  American  Brass  Co.  it  was 
found  that  on  100  heats  of  yellow  brass  the  average  analysis  of  the 
tops  and  bottoms  of  the  ingots  for  copper  showed  a  variation  of  only 

»  Clark,  W.  B.,  V.  8.  Patent  1,828,714,  Jan.  20,  1020. 

^  Richards,  J.  W„  JDIectrlc  poirer  requked  to  melt  aietals.  Trans.  Am.  Bcaaa  Tonadcra 
Aasn.,  Tol.  4,  1910,  p.  96. 

^Clamer,  G.  H.,  and  Herlnff,  C,  The  electric  fnroaoe  for  brass  meldng,  Ttaas.  Am. 
Inst.  Metals,  vol.  6,  1912,  p.  101. 

^  Hansen,  C.  Klectrle  mritlng  of  copper  and  brass.  Trans.  Am.  Inst.  Metals,  toL  6, 
1912,  p.  112. 
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0.05  per  cent.  The  slight  variation  that  did  exist  was  almost  within 
the  limits  of  analytical  error,  the  top  being  higher  in  copper  than 
the  bottom  as  oftc^  as  the  reverse ;  that  is,  the  mixin^r  of  the  charge 
is  perfect,  owing  to  the  stirring  lu^on  of  4e  moving  metaL  In  ci^^ 
cible  practice  there  is  a  considerable  tendency  for  the  composition  of 
the  top  and  bottom  of  an  ingot  to  vary  from  incomplete  mixing. 

It  is  stated  ^^  that  at  the  American  Brass  Co.  it  has  been  found 
that  100  pounds  of  zinc  charged  into  the  600-pound  Ajax  furnace 
is  completely  and  thoroughly  mixed  in  five  minutes  with  no  stirring 
whatever  aside  from  that  done  by  the  furnace  itself. 

It  is  further  stated  that  when  the  60-kw.  furnaces,  of  which  this 
firm  has  15  in  operation  in  Waterbury,  are  operating  steadily  without 
delays  or  interferences  they  melt  2:1  brass  at  an  average  of  174 
kw.  h.  per  ton.  Each  60-kw.  furnace  should  then  produce  6  to  7 
tons  of  yellow  brass  in  24  hours.  Some  lining  trouble  has  resulted 
from  nonuniformity  in  the  asbestos  cement,  and  some  linings  have 
failed  on  the  first  heat.  Some  trouble  has  occurred  from  stoppage 
of  the  power  supply  just  after  charging,  so  that  the  metal  froze  and 
ruined  the  lining.  Several  furnaces  are  reported  to  be  operating 
on  linings  that  have  run  over  1,500  heats,  and  the  high  figure  at  the 
time  of  the  report  was  1,829—640  tons.  With  care  and  barring 
accidents  it  is  expected  to  bring  the  average  life  up  over  2,000  heats, 
or  to  over  600  tons'  output  per  lining. 

The  American  Brass  Co.  pours  direct  into  the  ingot  molds,  either 
from  a  nose-tilting  furnace  or  by  lifting  the  trunnion  type  by  a  crane. 
At  the  P.  and  F.  Corbin  plant  of  the  American  Hardware  Co.,  New 
Britain,  Conn.,  a  30-kw.  Ajax-Wyatt  furnace  in  24-hour  operation 
gave,  melting  an  alloy  of  60  per  cent  copper,  30  per  cent  zinc,  5  per 
cent  tin,  *6  per  cent  lead,  the  charge  being  mostly  borings,  on  a  run 
of  about  170  tons,  an  average  of  245  kw.  h.  per  ton.  It  took  10  kw. 
to  keep  the  furnace  and  the  metal  retained  in  the  resistor  loop  molten 
hot  overnight  ready  to  start  the  next  morning  if  the  furnace  was  not 
operated  on  a  continuous  24-hour  basis.  This  heating  can  be  done  by 
using  a  special  transformer  for  stepping  down  from  the  transmission 
voltage  of  2,300  or  of  6,600  to  the  220  volts  for  which  the  furnace  is 
usuaUy  designed,  and  by  using  a  different  tap  on  the  transformer  to 
a  still  lower  voltage  for  the  overnight  heating. 

It  is  of  interest  to  see  what  the  power  consumption  will  be  when 
the  furnace  is  operated  for  various  periods  per  day. 

><Ba88ett,  W.  Hm  Personal  communleatloii,  Jan.  20,  1920. 
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Tablb  51. — Power  consumption  in  SO-kw.  Aja^-Wyatt  furnace  under  various 

schedules  of  operation. 
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Period  of  operatioa. 


Operating, 
kw.  haiin. 


Idlekw. 
boon. 
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-820 
-560 
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-420 

-400 


3.3 
2.2 

1.35 

1.2 

1.1 


2S0 
255 

325 

350 

365 


It  should  be  remembered  that  Table  52  is  calculated,  not  for  the 
best  possible  24-hour  operation,  but  on  the  basis  of  actual  plant  op- 
eration for  long  periods,  and  that  it  is  for  the  30-kw.  size,  not  the 
more  efficient  60-lrw.  size. 

Collins  **•  compares  the  induction  furnace  on  8-hour  operation  with 
that  of  the  larger  General  Electric  furnace,  which  is  far  less  efficient 
in  the  use  of  power.  Though  he  is  forced  to  concede  that  the  induc- 
tion furnace  has  the  highest  thermal  efficiency  of  all  types,  he  claims 
that  the  smaller  size  of  the  induction  furnace  must  involve  so  much 
higher  labor  cost  that  the  sum  of  the  two  factors,  labor  cost  and 
power  consumption,  with  power  at  1  cent  per  kw.  h.,  shows  a  balance 
in  favor  of  the  General  Electric  furnace  on  8-hour  operation.  He 
assumes  that  the  induction  furnace  metal  is  to  be  poured  by  means 
of  hand  ladles,  and  says  that  the  induction  furnace  must  be  charged 
by  hand,  while  the  General  Electric  furnace  can  be  mechanically 
charged.  These  assumptions  need  not  be  correct  for  all  cases.  In  a 
rolling  mill  the  metal  from  either  furnace  may  either  be  poured 
direct  into  the  molds  or  from  a  large  ladle;  and  charging^  it  would 
appear  to  the  writer,  could  be  done  mechanically  into  the  induction 
furnace  more  readily  than  into  the  General  Electric,  because  the 
charging  door  on  the  induction  type  is  at  the  top  of  the  furnace 
while  that  on  the  General  Electric  is  at  the  side. 

The  Ajax-Wyatt  furnace  requires  no  more  attention  or  control 
than  does  the  General  Electric,  with  all  its  elaborate  automatic  con- 
trol devices,  for  the  former  requires  no  electrical  control  other  than 
the  pulling  of  a  switch  when  it  is  desired  to  shut  off  the  power. 

After  watching  both  types  of  furnace  in  operation  it  would  appear 
to  the  writers  that,  under  rolling-mill  conditions,  there  is  no  jus- 
tification for  assuming  a  higher  labor  cost  per  ton  with  one  furnace 
than  with  the  other,  for  by  staggering  the  operation,  a  couple  of  men 
could  charge,  operate,  and  pour  several  induction  furnaces. 


*^  Collins,  K.  F.,  Melting  of  some  nonferrons  motals  and  their  alloys  In  the  electric 
furnace,  Chem.  and  Met.  Eng.,  vol.  21,  1910,  p.  678. 
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If  the  furnaces  are  used  more  than  8  hours  per  day,  or  if  power 
costs  more  than  1  cent  per  kw.  h.,  the  advantage  assumed  by  Collins 
decreases.  The  advantage  of  26  cents  per  ton  in  cost  of  power  plus 
labor,  which  Collins  assumes  the  General  Electric  at  400  kw.  h.  per 
ton  has  over  the  Ajax-Wyatt  at  300  kw.  h.  per  ton,  on  the  8-hour  basis 
with  power  at  1  cent,  is  entirely  wiped  out  if  power  costs  1 J  cents  per 
kw.  h.  instead  of  1  cent. 

There  is  room  for  a  good  deal  of  difference  of  opinion  as  to  the 
most  economical  size  of  furnace  for  rolling-mill  use,^"  as  well  as  to 
whether  or  not  metal  should  be  poured  direct  from  furnace  to  mold. 
The  decisions  involve  a  good  many  factors.  If  the  plant  must  pour 
a  large  number  of  small  ingots,  involving  a  pause  to  shrink  each 
ingot,  there  is  less  advantage  in  a  large  furnace  than  when  a  plant 
can  dispose  of  the  metal  rapidly  into  a  few  large  ingots.  If  direct 
pouring  is  employed,  then  the  small  furnace  allows  easier  control  of 
the  stream  of  metal. 

It  must  not  be  forgotten  that  in  big  furnaces  in  which  the  metal  is 
not  mixed,  as  it  is  by  the  Ajax-Wyatt's  self-circulating  resistor,  or 
by  rocking  or  rotating  other  furnaces,  there  is  danger  that  a  large 
charge  will  not  be  thoroughly  mixed. 

In  a  report  made  by  the  metallurgist  of  a  large  rolling  mill,  the 
vertical  ring  induction  furnace  and  a  reflected-heat  furnace  are  com- 
pared. Based  on  his  experiments  at  a  copper  refinery  where  after 
copper  was  melted  and  refined  in  a  10-ton  reverberatory,  zinc  was 
introduced  in  order  to  form  brass  and  to  save  remelting  the  copper, 
but  in  which  though  "  vigorously  and  faithfully  "  stirred,  there  was 
a  good  deal  of  variation  in  copper  content  of  the  resulting  brass — ^he 
does  not  believe  that  the  reflected-heat  furnace  in  a  1,500-pound  size 
or  larger  would  be  satisfactory  in  making  cartridge  brass,  on  account 
of  the  necessity  of  stirring  the  large  charge  through  the  door  with  a 
long  stirrer. 

▲BVAVTAaEB  OF  JUAX-WTATS  TXmVAOE. 

From  the  point  of  view  of  its  electrical  characteristics,  the  Ajax- 
Wyatt  furnace  is  eminently  satisfactory.  There  is  practically  no 
fluctuation  whatever  in  the  load,  so  that  ordinary  distributing  trans- 
formers are  satisfactory  for  stepping  down  from  line  to  furnace  volt- 
age, as  there  are  no  surges.  The  furnace  runs  along  without  any  elec- 
trical attention.  When  the  metal  in  the  resistor  tube  reaches  the  boil- 
ing point,  and  bubbles  of  zinc  vapor  begin  to  be  released,  the  resist- 
ance rises  and  the  ammeter  needle  starts  to  vibrate  or  "  kick."    This 

"  Compare  Hering,  C,  Adrantaj^cfl  of  small  high  speed  electric  furnaces,  Met.  and 
Chem.  Eng.,  yol.  11,  1913,  p.  188. 
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means  either  that  the  whole  charge  is  hot  enough  to  pour,  being 
analagous  to  the  '^  jump  "  of  an  iron  bar  thrust  into  the  crucible  to 
serve  as  a  ^'  works  pyrometer  "  on  yellow  brass,  or  else  that  the  charge 
has  bridged  over  in  the  hearth  and  needs  poking  down. 

The  advantages  of  the  Ajax-Wyatt  may  then  be  summed  up  as  fol- 
lows: It  is  a  compact  furnace,  requiring  little  floor  space.  It  reduces 
the  metal  losses  on  alloys  high  in  zinc.  It  is  thermally  the  most  effi- 
cient brass  furnace  known ;  that  is,  on  24-hour  operation  it  requires 
the  lowest  kw.  h.  rate  per  ton.  It  mixes  the  metal  perfectly.  It  uses 
no  electrodes  or  resistor  carbon  and  requires  no  water  cooling.  Its 
electrical  characteristics  make  it  a  desirable  electrical  load.  Its  relia- 
bility is  high  and  its  lining  cost  per  ton  is  low. 

Its  disadvantages  are  (1)  that  it  must  be  operated  24  hours  a  day 
or  else  kept  hot  overnight  by  using  enough  power  to  keep  the  metal 
retained  in  the  resistor-loop  fluid,  as  a  freeze-up  inevitably  ruins  the 
resistor  tube  and  makes  relining  necessary ;  (2)  if  it  is  to  be  shut  down, 
all  the  metal  must  be  drained  out,  and  in  starting  up  it  must  be 
thoroughly  preheated,  as  by  an  oil  or  gas  flame,  and  it  must  then  be 
started  by  pouring  in  a  charge  that  has  been  melted  in  another 
furnace.  The  retention  from  one  heat  to  another  of  enough  charge 
to  fill  the  resistor  and  to  make  a  connection  in  the  hearth  between 
both  legs  of  the  tube  makes  it  difficult  to  change  from  one  alloy  to 
another,  unless  the  charge  is  such  that  the  retained  metal  can  be 
worked  into  the  composition  of  the  next  charge. 

The  furnace  will  not  handle  alloys  very  high  in  copper,  nor  can 
alloys  of  high  lead  content  be  handled  with  the  present  lining.  Even 
6  per  cent  lead  will  probably  reduce  the  life  of  the  lining  considerably. 

The  furnace  is  obviously  fitted  then  for  use  in  a  brass  rolling  mill, 
in  which  yellow  brass  is  melted,  and  in  which  24-hour,  or  at  least 
16-hour  operation  is  possible  and  very  common,  and  in  which  the 
perfect  mixture  given  by  the  furnace  is  very  desirable.  There  are 
rolling  mills  in  which  conditions  are  such  that  furnaces  of  larger 
capacity  than  the  present  commercial  sizes  of  the  Ajax-Wyatt  are 
desirable.  In  general,  however,  the  furnace  is  worthy  of  careful 
consideration  by  any  rolling  mill,  and  so  far  it  holds  first  place  in 
actual  achievement  in  that  class  of  work. 

It  is  obviously  not  fitted  for  use  in  foundries  that  do  not  melt 
large  tonnages  of  yellow  brass,  but  that  must  often  change  the  com- 
position of  the  charges  to  any  one  furnace  from  heat  to  heat.  It  is 
not  fitted  for  use  on  highly  leaded  mixtures  or  on  alloys  around  90 
per  cent  copper.  It  begins  to  operate  at  a  decided  handicap  when  it 
can  not  be  used  at  least  16  hours  a  day,  therefore  it  can  not  be 
considered  at  all  by  the  average  jobbing  shop. 
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Its  field  is  on  the  high  zino  end  of  the  scale,  being  best  adapted  for 
just  those  alloys  which  the  direct-arc  and  stationary  indirect-arc 
famaces  can  not  handle. 

Nearly  any  alloy  made  in  the  nonferrous  industry  can  be  satis- 
factorily melted  in  either  an  Ajax-Wyatt  furnace  or  a  stationary 
indirect-arc  furnace,  but  neither  furnace  can  operate  satisfactorih' 
on  even  occasional  heats  in  the  other's  field.  Hence  there  is  still 
room  for  the  more  versatile  furnaces  like  the  reflected  heat  and  the 
rocking  types. 

The  prices  of  Ajax-Wyatt  furnaces,  complete,  save  for  the  trans- 
former for  stepping  down  from  line  voltage  to  220  volts,  were  given 
on  March  29,  1920,  as  follows,  for  the  standard  sizes :  40  kw.,  $5,500 ; 
50  kw.,  $6,500 ;  80  kw.,  $7,500. 

AJAX-NOBTHBUP  FTTBITAGE. 

One  more  furnace  remains  to  be  considered,  which  is  potentially 
even  more  versatile  than  any  other  as  it  can  be  built  in  either  a  tilt- 
ing or  tapping,  or  in  a  crucible  lift-out  type,  can  melt  any  alloy  and 
work  almost  equally  well  either  24  hours  a  day  or  only  an  hour  or 
two.  It  is  considered  here  instead  of  under  crucible  furnaces  because 
the  heat  is  generated  in  the  metal  itself  and  because,  like  the  Hering 
and  the  Wyatt,  it  is  a  type  which  the  Ajax  Metal  Co.  has  been  instru- 
mental in  developing.  This  is  a  new  type  of  furnace  invented  by 
Prof.  E.  F.  Northrup,  of  Princeton  University,  in  July,  1916,  and 
developed  with  the  aid  of  the  Ajax  Metal  Co.  The  Northrup  furnace, 
instead  of  using  ordinary  alternating  current,  uses  a  high-frequency 
current  such  as  is  used  in  the  wireless  telegraph.  Ordinary  alternat- 
ing current  has  60  cycles  or  alternations  per  second,  and  the  fre- 
quency of  the  current  used  in  the  Northrup  furnace  is  preferably  of 
the  order  of  10,000  or  more  cycles  per  second.  Conducting  materials 
in  proper  position  to  receive  the  potential  energy  released  by  a  high- 
frequency  current  may  absorb  this  energy,  and  by  their  resistance  to 
the  flow  of  current  generate  heat  within  themselves. 

The  Northrup  furnace  is  an  induction  furnace,  the  heat  being  gen- 
erated in  the  charge  without  the  use  of  any  electrodes  to  carry  the 
current,  but,  unlike  the  usual  induction  furnace,  the  secondary  does 
not  have  to  be  in  the  shape  of  a  ring  or  loop.  The  heating  is  analo- 
gous to  that  due  to  eddy  or  Foucault  currents  in  a  transformer  core. 

Guggenheim  ^"  has  suggested  the  use  of  eddy  currents  in  an  elec- 
tric furnace,  but  no  commercial  development  of  his  suggestion  is 
known. 


»Gagg«ihelm,  S.,  U.  S.  Patent  1,157,691,  Oct.  26,  1915. 
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Northrup  ^^  has  briefly  described  his  furnace  and  has  given  an  ex- 
haustive, 89-page  account!^  of  the  theory  and  the  mathematics  in- 
volved. 

The  furnace  itself  as  applied  to  brass  or  silver  melting  consists  of 
a  conducting  container,  such  as  graphite  for  the  metal,  which  may 
be  a  crucible  that  can  be  lifted  out,  a  stationary  crucible,  or  other 
container  for  pouring  by  tilting,  or  a  container  with  a  tap-hole  at 
the  bottom.  This  container  is  surrounded  by  a  heat-insulating  re- 
fractory, and  in  small  furnaces  is  made  very  thin  in  order  to  secure 
"close  coupling  "  of  the  inductor  or  primary  coil  with  the  secondary, 
the  conducting  crucible  lining  and  the  charge  of  brass  itself.  Large 
furnaces  may  be  able  to  use  a  thicker  refractory,  since  the  radius 
of  the  crucible  to  be  heated  should  theoretically  be  three- fourths  the 
radius  of  the  inductor  coil. 

Wrapped  closely  about  the  outside  of  the  refractory  i^  the  "in- 
ductor/' or  primary,  a  spiral  conductor  that  can  be  made  of  a 
nickel-chromium  alloy,  or  may  be  of  copper  tubing  and  cooled  by 
a  stream  of  water.  To  this  inductor  spiral  are  connected  the  leads, 
one  at  each  end  for  single-phase  or  one  at  each  end  and  one  in  the 
middle  for  two-phase,  from  the  source  of  high  frequency  current. 

This  current  source  may  be  an  ordinary  alternating  current  stepped 
up  to  a  high  voltage,  5,000  to  8,000  volts,  connected  to  a  bank  of 
condensers  and  a  special  form  of  gap,  also  invented  by  Northrup, 
forming  a  Tesla  oscillatory  current  circuit.  The  gap  consists  of 
graphite  over  mercury,  in  an  atmosphere  of  alcohol  vapor,  obtained 
by  a  flow  of  alcohol  from  an  oil  cup.  The  Tesla  circuit  method  has 
been  tried  only  up  to  60  kw.,  and  is  thought  to  be  applicable  only 
up  to  about  100  kw.,  because  of  the  cost  of  the  condensers.  A 
special  grounded  guard  is  placed  about  the  primary  inductor  to  pre- 
vent shock,  and  a  "focus  inductor"  may  be  used,  consisting  of  a 
device  placed  inside  the  primary  inductor  and  consisting  of  two 
parts  joined  together,  one  part  near  the  primary,  made  of  copper, 
and  the  other  near  the  crucible  and  in  contact  with  it,  made  in  a 

^^  Northrup,  B.  F.,  Production  of  high  temperature  and  its  measurement,  Met.  and 
Chem.  Eug.,  vol.  IT,  1U17,  p.  G85  ;  Some  reBultii  obtained  in  electric  heating  with  high- 
frequency  induction,  Pyroelectric  Monthly  Bull.  No.  9,  November,  1919.  Anon.,  Northmp- 
AJHX  frequency  induction  furnace,  Chem.  and  Met.  Bog.,  vol.  19,  1918,  p.  165.  Anon., 
Electrical  production  of  carbon-free  alloys,  Chem.  and  Met.  Eng.,  vol.  21,  1919,  p.  268. 
see  also  Northrup,  B.  F.,  V.  S.  Patents  1,286,894;  1,286,396,  Dec.  3,  1918;  1,297,393, 
Mar.  18,  1919;  1,328,886,  Jan.  20,  1920;  1,380,183,  Feh.  10,  1920;  Wilcox,  D.,  The 
AJax-Nortbrup  electric  furnace :  Metal  Ind.,  vol.  18,  1920,  p.  218 ;  Alloying  precious 
metals  electrically :  Metal.  Ind.,  vol.  19,  1921,  p.  171. 

^Northrup,  B.  F.,  Principles  of  inductive  heating  with  high-frequMcy  current,  Tran^ 
Am.  Elcctrocbem.  Soc,  vol.  35,  1919,  p.  71 ;  (abstract)  Met.  and  Chem.  £ng.,  vol.  ^0, 
1919,  p.  381.  High  frequency  induction  steel  furnace,  Chem.  and  Met.  Eng.,  Tol.  24,  192|l, 
p.  809.  Recent  progress  in  high  frequency  Inductive  heating,  Trans.  Am.  Blectr4>* 
chem.  Soc,  vol.  39,  1921,  p.  170;  see  also  Clamer,  G.  H.,  The  induction  electrical  tnrna.*^. 
Jour.  Franklin  Institute,  vol.  190,  1920,  p.  473 ;  Kreutzberg,  D.  C,  Melta  metal  for  r  rti« 
in  the  mold  (Cammcn  process)  :  Foundry,  vol.  49,  1921,  p.  777. 
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brass  melting  furnace,  of  nichrome  or  Monel  metal.  This  focus  in- 
ductor may  be  grounded  so  that  the  high  tension  primary  is  within 
two  grounded  guards.  The  focus  inductor  also  tends  to  increase  the 
"close  coupling"  of  the  primary  and  secondary  circuits,  though  it 
has  the  disadvantage  of  introducing  something  beside  the  material 
to  be  melted  and  the  crucible  containing  it  in  the  hot  zone,  which  is 
against  reliability,  and  limits  the  temperatures  obtainable  to  the  safe 
operating  temperature  of  the  material  used  for  the  inner  portion  of 
the  focus  inductor. 

Condensers  are  fairly  reliable  and  long  lived ;  if  properly  housed 
outside  the  furnace  room,  they  need  not  give  much  trouble.  In 
order  to  avoid  deterioration  of  the  condensers  by  overheating,  it  is 
necessary,  if  the  furnace  is  to  be  operated  24  hours  a  day,  to  pro- 
vide two  sets  of  condensers  so  that  one  may  be  cooling  off  while  the 
other  is  in  use,  for  artificially  cooled  condensers  have  not  been 
constructed. 

The  power  factor  of  a  Northrup  furnace  on  a  Tesla  circuit  runs 
from  50  to  60  or  75  per  cent. 

The  gap  requires  attention  about  every  600  hours  to  keep  it  in 
working  order,  and  about  1  pint  of  denatured  alcohol  is  used  every 
300  kw.  h.  For  small  installations,  such  as  in  the  physics  depart- 
ment9  of  universities  or  for  some  commercial  work  in  the  melting  of 
small  amounts  of  precious  metals,  the  Tesla  circuit  is  satisfactory. 

The  high-frequency  current  may  also  be  obtained  from  an  oscilla- 
tory current  high-frequency  generator,  which  has  been  built  up  to  a 
60-kw.  size,  or  from  a  high-frequency  alternator,  which  is  already 
commercially  built  in  200-kw.  or  larger  sizes,  and  would  probably 
be  the  best  commercial  source.  With  the  high-frequency  alternator, 
by  suitable  use  of  static  capacity,  the  power  factor  of  the  circuit  can 
be  made  unity. 

As  high-frequency  current  is  not  at  present  generated  or  trans- 
mitted by  central  stations,  a  foundry  wishing  to  utilize  the  Northrup 
furnace  must  either  be  content  with  a  comparatively  low-powered 
furnace  and  with  the  use  of  a  condenser  set  or  else  install  its  own 
high-frequency  alternator.  The  high  voltage  used  at  usual  low  fre- 
quencies would  be  dangerous  to  life,  and  great  care  is  taken  to 
construct  the  furnace  so  that  it  is  grounded  to  avoid  shock.  It  is 
probable,  however,  that  at  the  high  frequency  employed  these  high 
voltages  are  not  dangerous,  as  in  a  test  made  by  the  Ajax  Electro- 
thermic  Corp.  a  rabbit  withstood  the  full  voltage  without  injury. 

The  Ajax-Northrup  furnace  is  therefore,  so  far,  useful  for  research 
in  physics  and  metallurgy,  especially  as  the  furnace  can  readily  be 
constructed  as  a  vacuum  or  a  high-pressure  type  and  for  an  at 
present  limited  field  of  commercial  uses.  Over  30  Ajax-Northrup 
furnaces  have  been  installed  for  laboratory  use.    The  furnace  can 
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not  at  present  be  classed  as  ready  for  general  commercial  use  for 
brass  melting  under  existing  conditions.  The  ultimate  possibilities 
of  this  type  of  furnace  are  great,  but  much  development  must  be 
made  on  the  production  of  high-frequency  current  before  the  pos- 
sibilities in  brass  melting  can  be  realized.  The  furnace  itself  is 
probably  much  closer  to  commercial  usefulness  than  the  generation 
of  the  curr^it  it  requires,  and  it  is  now  of  commercial  value  for 
handling  the  more  precious  metals. 

Small  furnaces  for  commercial  metal  melting  have  been  sold  to 
Baker  4&  Co.  for  melting  platinum,  to  J.  K.  Wood  4&  Co.  for  melting 
gold,  four  to  the  Philadelphia  Mint  for  melting  gold  and  silver 
(see  PI.  XXV,  p.  266),  and  a  nose-tilting,  three-phase,  60-lniv.,  550- 
pound  furnace  was  put.  into  operation,  melting  silver,  at  the  plant 
of  Handy  &  Harmon,  in  June,  1920  (see  PI.  XXII,  B,  p.  262).  By 
the  use  of  a  three-phase  system  it  was  possible  to  secure  a  decidedly 
larger  capacity  in  a  given  condenser  than  before.  The  power  factor 
is  around  70  and  the  furnace  melts  sterling  silver  at  about  250  kw. 
h.  per  ton. 

The  Director  of  the  Mint^"  speaks  very  highly  of  the  Ajax- 
Morthrup  furnaces  used  at  the  mint  for  melting  silver. 

A  recent  form  of  the  Ajax-Northrup,  called  an  ^^  electric  crucible,'^ 
consists  of  a  conical  hearth.  This,  for  melting  brass  or  other  mate- 
rials of  high  electrical  conductivity  which  are  not  contaminated  by 
carbon,  is  lined  with  graphite.  Melting  can  be  done  by  the  current 
induced  in  such  metals,  but  not  so  rapidly  nor  so  efficiently  as  when 
a  conducting  lining  is  used.  Materials  of  high  resistance,  such  as 
iron  and  nickel,  do  not  require  the  conducting  lining. 

The  conical  pot  with  its  surrounding  coil  is  mounted  in  a  box-like 
container  which  may  be  lifted  ofF  bodily  just  like  a  crucible,  and 
poured  with  a  special  shank,  or  it  may  be  tilted  for  direct  pouring. 
A  150-pound  25-kw.  furnace  of  this  type  is  being  tried  out  at  the 
Ajax  Metal  Co. 

That  the  eddy  current  furnace  itself  is  efficient  is  shown  by  a  test 
of  an  18-kw.  furnace  which  melted  copper  at  the  rate  of  about  240 
kw.  h.  per  ton,  using  power  from  an  Alexanderson  alternator.  With 
oscillatory  current  from  a  condenser  set,  the  power  consumption  was 
at  the  rate  of  about  500  kw.  h.  per  ton  when  the  power  losses  in  the 
transformers,  condensers,  leads,  etc.,  were  included. 

The  furnace  gives  a  circulation  of  the  charge,  the  metal  flowing 
upward  in  the  middle  of  the  crucible  and  downward  at  the  sides  on 
account  of  electromagnetic  forces. 

The  furnace  therefore  is  like  the  Ajax-Wyatt  in  that  the  heat  is 
at  least  partly  generated  in  the  metal  itself,  and  in  that  a  forced 

i>  Baker,  R.  T.,  Report  of  tbe  Director  of  the  Mint  for  the  flsoal  year  ended  June  30, 
1920,  Treae.  Dept.,  Doc.  No.  2874,  1920,  p.  19. 
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circulation  is  set  up.  It  has  no  secondary  loop  in  which  a  freeze-up 
will  ruin  the  lining,  and  all  the  metal  can  be  poured  or  tapped  from 
the  furnace  when  made  in  the  noncrucible  type.  It  is  therefore  free 
from  the  limitations  of  the  Ajax-Wyatt  as  to  changing  from  one 
alloy  to  another,  and  it  can  handle  pure  copper  as  well  as  alloys  high 
in  zinc  It  does  not  have  to  be  kept  hot  over  night.  It  is  almost  as 
efficient  on  a  first  heat  as  it  would  be  after  a  week  of  24-hour  opera- 
tion per  day,  because  the  thin  heat  insulation  used  in  order  to  get 
^'  close  coupling  "  is  so  small  that  there  is  very  little  heat  storage  in 
the  walls.  The  use  of  thin  walls  may,  of  ^course,  reduce  its  mechani- 
cal stability*  However,  the  freedom  from  complications  in  the  hot 
zones,  no  electrodes,  no  resistor,  no  secondary  loop,  makes  it  promise 
to  have  sufficient  mechanical  reliability.  The  condensers  supplied 
with  the  Tesla  outfit  are  guaranteed  for  one  year.  The  price  of  the 
60-kw.  furnace,  Tesla  circuit  outfit,  for  220- volt,  60-cycle  power,  was 
given  in  June,  1920,  as  $6,750  for  the  crucible  lift-out  and  as  $7,000 
for  the  trunnion  tilting  form.  That  of  a  25-kw.  furnace  of  the  port- 
able ^^  electric  crucible  "  type,  holding  10  pounds  of  aluminum  or  30 
pounds  of  copper,  was  given  as  $3,350  in  1921. 

The  combination  of  efficiency  and  flexibility  makes  the  furnace  per- 
haps the  most  promising  of  all  for  ultimate  use,  provided  it  can  be 
satisfactorily  developed  into  larger  sizes  and  high-frequemcy  current 
can  be  almost  as  readily  and  cheaply  obtained  as  ordinary  alternating 
current  is  now*  As  high-frequency  current  can  not  well  be  applied  to 
the  ordinary  uses  of  electricity,  the  furnace,  while  an  excellent  appli- 
cation of  scientific  ingenuity,  does  not  seem  likely  to  displace  the 
common  alternating-current  furnaces  in  the  immediate  future.  Its 
present  field  is  in  the  laboratory,  as  a  tool  for  experimental  work,  and 
in  the  commercial  melting  of  precious  metals  such  as  gold,  silver,  and 
platinum. 

ELECTBIC  HELTXNG  OF  ALTTUIinTK. 

The  foregoing  description  of  the  various  electric  furnaces  has  dealt 
mainly  with  brass.  One  more  very  important  class  of  nonferrous 
alloys,  the  light  aluminum  alloys,  should  also  be  considered  in  con- 
nection with  electric  melting. 

Detailed  information  on  electric  melting  of  aluminum  is  about  ad 
unavailable  as  that  on  electric  brass  melting  was  a  few  years  ago,  and 
it  is  necessary  to  consider  this  subject  more  as  theory  than  from 
present  practice. 

According  to  data  recently  gathered  by  the  Bureau  of  Mines,^** 
about  45,00()  tons  of  light  aluminum  alloys  are  produced  in  the  United 

» Anderson,  R.  J^  Light  alnminiizii  alloy  cMtlngs :  Tecb.  Paper  287,  Bareau  of  Mlnea, 
1922,  50  pp.,  4  pla. ;  Analyse  lose  in  aluminum  shops ;  Foundry,  yoL  48,  1920,  p.  989,  yol. 
49,  1921,  pp.  16,  64,  104,  143,  188. 
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States  eTery  year,  around  98  per  cent  being  aluminum-copper  alloys 
and  only  1}  per  cent,  or  750  tons,  being  aluminum-zinc  or  aluminum- 
copper-zinc  alloys. 

A  single  electric  furnace  of  around  1-ton  capacity  could  melt  all 
the  zinc-containing  aluminum  alloys  produced  in  the  country  and  not 
have  to  work  much  over  10  hours  a  day  to  do  it.  As  it  is  only  the 
zinc-containing  aluminum  alloys  in  which  there  is  any  noteworthy 
loss  from  volatilization,  it  is  plain  that  the  situation  in  regard  to 
aluminum  is  diametrically  opposed  to  that  in  brass.  Oxidation 
losses  do  occur,  and  good  metal  is  entangled  in  and  skimmed  off  with 
the  dross,  but  the  net  loss  of  metal  in  melting  the  standard  No.  12 
alloy  is  probably  as  low  as  1  or  2  per  cent.  Moreover,  those  who  have 
had  the  most  experience  in  the  electric  melting  of  almninum  doubt 
whether,  starting  with  the  same  charge,  an  electric  furnace  will  save 
enough  metal,  more  than  a  well-operated  fuel-fired  furnace,  to  make 
much  difference  in  the  cost 

Most  aluminum  is  melted  either  in  iron  pots  or  in  some  type  of 
reverberatory  furnace.  Where  it  is  still  melted  in  graphite  crucibles, 
the  crucibles  have  a  relatively  long  life,  hence  two  of  the  outstand- 
ing advantages  of  electric  brass  melting — ^reduction  of  metal  losses 
and  avoidance  of  high  crucible  costs— do  not  obtain  in  any  marked 
degree  in  electric  aluminum  melting.  On  aluminum,  therefore,  elec- 
tric melting  must  justify  itself  by  quality,  ease  of  control,  decreased 
labor  cost,  or  lower  cost  of  electric  power  than  of  fuel  required, 

As  to  quality,  everyone  who  has  tried  electric  melting  seems  to 
agree  that  electrically  melted  aluminum  is  of  good  quality,  and  some 
seem  to  feel  that  it  is  or  may  be  of  superior  quality.  Perhaps  because 
of  the  good  general  reputation  of  the  electric  furnace  on  the  score 
of  quality  in  handling  other  alloys,  some  aluminum  founders  are 
hoping  that  the  electric  furnace  may  do  away  with  cracks,  draws, 
and  porous  castings,  or  may  at  least  eliminate  the  possibility  of 
these  troubles  originating  in  the  melting  of  the  metal,  thus  leaving 
"only"  the  thousand  and  one  molding  and  core  causes  that  may 
produce  these  evils. 

Work  of  a  scientific  character  on  testing  the  product  for  porosity  •* 
indicates  that  the  electric  furnace  offers  possibilities,  but  even  these 
tests  were  often  discordant  and  contradictory.  It  can  be  said  with 
considerable  confidence  that  a  reducing  atmosphere  is  better  for 
finishing  steel  and  melting  brass  than  an  oxidizing  atmosphere. 
But  in  view  of  the  oxidizing  atmosphere  over  an  iron-pot  furnace 
for  aluminum  and  the  fact  that  such  furnaces  can  produce  good 
metal,  and  that  in  a  reverberatory  type,  oil-fired  aluminum  furnace 
the  atmosphere  may  be  made  reducing,  and  that  this  type  can  also 

■      i^^HiiM        m\^  -  — 1 m~    — m ■ -  ,  ,  -  -        —  — -,  , 

*>  Compare  Beszcnberger,  F.  K.,  and  Wilkins.  R.  A.,  Apparatus  aM>d  for  the  determlna- 
tloD  of  the  porosity  of  metals :  Cbem.  and  Met.  Bug.,  vol.  22,  1920,  p.  1081. 
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produce  good  metal  as  well  as  bad,  one  is  not  justified  on  present 
data  in  jumping  to  a  conclusion  that  an  electric  furnace  need  be 
good  for  aluminum  because  it  may  have  a  reducing  atmosphere. 
Overheating  in  an  electric  furnace  seems  to  favor  the  absorption 
of  gases  and  the  production  of  castings  containing  tiny  pinholes  in 
exactly  the  same  manner  as  it  does  in  fuel-fired  furnaces. 

Neither  on  the  score  of  theory  nor  recorded  foundry  tests  of  elec- 
tric aluminum  furnaces  can  we  then  assume  any  definite  direct  ad- 
vantage for  the  electric  furnace,  save  perhaps  in  the  elimination  of 
hard  spots  in  the  castings  due  to  iron  scale  from  the  iron  pot,  an 
advantage  shared  by  fuel-fired  hearth-type  furnaces  as  well. 

In  ease  of  control,  there  is  a  real  advantage,  because  of  the  great 
effect  that  the  rate  of  solidification,  which  is  chiefly  controlled  by  the 
pouring  temperature,  has  on  aluminum.  Though  it  has  never  been 
satisfactorily  explained,  and  hardly  fully  proved,  there  is  a  general 
idea  that  altuninum  once  overheated,  and  it  may  be  in  either  a  reduc- 
ing or  oxidizing  atmosphere,  is  thereby  irreparably  injured,  even 
though  it  be  poured  at  the  proper  temperature.  If  this  be  so,  then 
an  electric  furnace  of  a  type  not  too  sluggish  in  its  response  to  changes 
of  power  input  might  be  an  advantage,  and  its  use  at  any  rate  should 
make  careful  pyrometric  control  of  pouring  temperatures  easier. 

FUBNACSS  USED  BY  GENSBAL  ELKCTBIC  CO. 

The  Greneral  Electric  Co.  uses  a  small  75-kw.  furnace  like  their 
older  type  of  electric  brass  furnace,  holding  some  75  or  100  pounds 
of  aluminum  to  melt  a  nearly  pure  aluminum  which  must  flow  very 
freely  as  it  must  run  down  through  the  slots  in  a  motor  rotor.  This 
rotor  casting  is  made  in  an  ingenious  centrifugal  casting  machine, 
and  to  secure  the  desired  results  the  temperature  and  fluidity  of  the 
metal  and  the  speed  of  the  centrifugal  device  must  each  be  just  right. 
The  control  over  the  metal  made  possible  by  the  furnace,  and  the 
fact  that  the  furnace  itself  is  automatically  operated,  is  considered 
to  make  the  obtaining  of  good  results  more  certain  and  Sasy  than 
with  a  fuel-fired  furnace.  This  furnace  has  been  in  use  over  a  year 
and  a  half  without  relining,  the  only  difficulty  being  that  an  accretion 
of  oxide  in  the  hearth  has  cut  down  the  hearth  capacity.  On  account 
of  the  low  pouring  temperature  of  aluminum  compared  to  brass  or 
bronze,  almost  any  type  of  electric  brass  furnace  applied  to  aluminum 
should  have  very  little  difficulty  in  maintaining  the  refractories. 

The  Greneral  Electric  Co.  also  uses  a  larger  furnace  of  the  same  type 
of  about  800  pounds  capacity,  160  kw.,  for  ordinary  aluminum  cast- 
ing work.  It  has  also  designed  a  very  large  furnace  holding  several 
tons,  which  it  hopes  to  try  out  experimentally.  The  design  calls  for 
a  long,  rather  narrow  hearth  with  a  weir  or  a  dividing  wall  with 
a  hole  in  it,  about  halfway  up,  between  the  two  parts  of  the  hearth. 
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Metal  is  to  be  charged  at  the  back,  melted,  and  clean  metal,  free 
from  dross  floating  on  top,  or  from  foreign  particles  heavier  than 
the  metal,  is  to  run  through  into  the  fore  part.  The  rate  of  melting 
in  the  rear  part  of  the  hearth  and  of  superheating  to  pouring  tem- 
perature in  the  fore  part  can  be  regulated  by  adjusting  the  position 
of  the  electrodes  along  the  front  or  rear  to  generate  more  or  less 
power  as  desired.  This  scheme  offers  some  possibilities,  but  they  must 
be  tried  out  before  their  value  is  certain. 

The  General  Electric  Co.  is  building  still  another  t^pe  of  electric 
aluminum  furnace  to  be  tried  out  at  the  Pittsfield,  Ma8s.|  plant.  This 
is  a  rectangular  tilting  furnace,  like  a  long  box,  the  hearth  ooeupy- 
ing  the  lower  part,  the  heating  element  being  strips  of  nickel-chro- 
mium resistance  ribbon,  such  as  is  used  in  the  heat-treating  fur- 
naces for  gun  forgings.^'  The  heating  element  is  placed  not  only 
on  the  roof  proper  but  also  on  the  sides  above  the  hearth.  Such  a 
resistor  will  not  stand  operation  at  temperatures  sufficient  to  melt 
brass,  but  it  may  handle  aluminum  at  a  repair  cost  that  will  not  be 
prohibitive.  One  factor  leading  the  General  Electric  Co.  to  build 
this  type  was  a  desire  to  secure  comparative  data  an  the  effect  of 
the  oxidizing  atmosphere  this  furnace  will  have  against  that  of  the 
reducing  atmosphere  in  the  arc-resistance  type  used  both  for  brass 
and  aluminum. 

The  General  Electric  arc-resistance  furnaces  for  use  on  aluminum 
are  the  same  as  for  brass,  save  that  the  transformer  capacity  and 
power  input  are  lower  for  the  same  size  shell  than  on  brass.  They 
give  the  following  table  for  different  sizes  on  basis  of  24-hour  opera- 
tion, after  furnace  is  fully  hot : 

Table  53. — Maker's  claims  for  General  Electric  aluminum  furnace. 


Kw. 

Hearth 
capacity, 
pounds. 

Nominal 
pounds 
melted 

per  hour. 

Approx- 
imate kvr. 
h.  per  ton. 

200 
800 

650 
1,000 

500 
750 

525 
fiOO 

One  Baily  standard  105-kw.  furnace  is  regularly  operating  on  No, 
12  aluminum  at  the  plant  of  the  Dayton  Engineering  Laboratories 
Co.,  Dayton,  Ohio.  A  test  run  on  the  furnace  showed  an  output  of 
about  1 J  tons  per  day,  in  8^  actual  hours  melting.,  plus  1  hour  pre- 
heating the  furnace,  or  7  to  8  heats  of  425  pounds  each.  The  average 
power  consumption  ran  from  G25  to  675  kw.  h.  per  ton.  The  Delco 
people  state  that  they  are  very  well  satisfied  with  the  furnace. 

■  Johnson,  L.  R,  How  the  powerhouse  aids  the  forge,  Iwm  Trade  Rterleir,  1919,  p.  1223, 
ColUxiB,  E.  F.,  Metallic  resistor  electric  funuioes  foe  haat-treatiiig  operations.  General 
Electric  Rev.,  Tol.  23,  1920,  pc  433. 
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At  the  plant  of  Landers,  Frary  &  Clark,  New  Britain,  Conn.,  one 
of  the  50-kw.  rectangular  Baily  furnaces  was  operated  for  about  two 
months  before  it  was  taken  out  on  account  of  trouble  in  maintaining 
the  resistor  trough,  to  be  later  replaced  by  the  round  type.  This 
furnace,  melting  9  hours  per  day  and  being  preheated  4  hours,  gave 
on  150-pound  heats  an  output  of  |  ton  per  day,  at  850  kw.  h.  per  ton. 
The  net  metal  loss  was  about  0.7  per  cent. 

One  of  the  105-kw.  Baily  furnaces  was  tried  out  some  years  ago  by 
the  Aluminum  Co.  of  America  for  making  ingot  from  pig  aluminum, 
but  was  not  kept  in  service,  being  considered  too  small  for  such  work, 
and  not  showing  any  particular  advantage  as  to  metal  losses. 

A  big  500-kw.  tapping-type  Baily  furnace  was  later  installed  at  the 
plant  of  the  United  States  Aluminum  Co.,  at  Massena,  N.  Y.  This 
type  has  been  described  by  Miller.** 

It  has  two  straight  resistors,  one  on  each  side  of  the  hearth,  and 
held  3  to  4  tons  of  aluminum.  In  this  furnace,  according  to  the 
users,*^  under  best  conditions  and  continuous  operation,  the  produc- 
tion was  about  1  ton  per  hour  at  slightly  under  500  kw.  h.  per  ton. 
The  furnace  was  primarily  installed  for  making  alloys  high  in  zinc, 
and  on  such  service  it  showed  a  notable  decrease  in  metal  loss  over 
the  fuel-fired  reverberatory  furnaces.  But  on  the  regular  run  of 
aluminum  there  was  no  decrease  in  metal  loss.  The  resistor  troughs 
have  been  a  source  of  trouble,  failing  frequently,  and  the  high  heat 
capacity  of  the  furnace  makes  it  less  efficient  on  intermittent  opera- 
tion, the  power  consumption  averaging  scmie  700  kw.  h.  per  ton  on  the 
furnace  a^  actually  operated  over  a  period  of  time. 

As  a  consequence  of  the  high  power  consumption  the  use  of  the 
furnace  has  been  practically  given  up,  and  its  owners  contemplate 
changing  it  over  into  an  annealing  furnace,  as  such  furnaces  give 
very  satisfactory  results  at  the  lower  operating  temperatures  used  in 
annealing. 

It  should  be  mentioned  that  a  106-kw.  Baily  furnace  has  long 
been  in  satisfactory  operation  at  the  Lumen  Bearing  Co.,  Buffalo, 
N.  Y.,  on  an  alloy  of  around  85  per  cent  zinc,  10  per  cent  copper,  6 
per  cent  aluminum,  which  is  poured  at  about  700^  C.  The  furnace 
gives  around  5,500  pounds  per  10-hour  melting  day,  using  about  660 
kw.  h.  in  the  daytime  and  330  at  night  to  keep  the  furnace  hot,  or 
about  360  kw.  h.  per  ton  on  this  low-melting  alloy.  The  use  of  the 
large  1,000-kw.  Baily  furnace  installed  at  the  Anaconda  Copper 
Mining  Co.  has  been  discontinued. 

A  few  isolated  heats  of  aluminum  have  been  made  in  Snyder 
direct-arc  furnaces,  but  no  data  of  consequence  are  available.    If 

^  Miller,  D.  D.,  Tbe  rpmeltiog  of  alumlunm  p\x  in  the  electric  fumacep  Chem.  and  Met. 
Eng.,  vol.  10,  1918.  p.  251. 
mvaU,  a.  El,  Personal  commaiitcattoii,  Jan.  21,  1920. 
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the  direct-arc  furnace  will  produce  a  satisfactory  quality  of  metal, 
without  undue  gas  absorption  in  the  overheated  metal  under  the 
arc,  such  a  furnace  should  work  well.  The  common  aluminum 
alloys,  outside  of  the  zinc-oontaining^  alloys,  are  relatLvely  non- 
volatile, and  in  general,  direct-arc  furnaces  are  useful  for  such  aIloy& 
This  question  ought  to  be  investigated,  and  the  Bureau  of  Mines 
hopes  to  study  it. 

The  Bennerfelt  indirect-arc  furnace  in  a  small  50-kw.  size  was 
used  by  the  Acieral  Co.  of  America  in  making  up  ^  hardeners,"  but 
not  in  melting  the  aluminum  alloy  itself,  before  that  firm  went  out  of 
business.  Similar  hardeners  are  now  handled  in  this  furnace,  using 
100-kw.  transformer  capacity,  at  the  Bausch  Machine  Tool  Co., 
Springfield,  Mass.  No  real  tests  of  stationary  indirect-arc  furnaces 
on  aluminum  alloys  themselves  are  on  record.  On  the  basis  of  some 
small  test  runs  in  the  50-kilowatt  furnace,  made  by  starting  with  the 
furnace  at  the  temperature  used  for  making  hardeners,  and  therefore 
well  above  aluminum  temperatures,  it  was  calculated  that  in  a  1-ton 
furnace  310  kw.  h.  would  be  required,  presumably  on  24-liour  opera- 
tion. These  figures  were  later  revised  to  850,  but  neither  figure  is 
based  on  adequate  test. 

One  of  the  standard  Detaroit  rocking  fiumaoes  rated  at  300  kw.  was 
given  a  thinner  lining  than  for  use  on  brass,  the  melting  chamber 
being  49  inches  in  diameter  by  41  iilches,  the  furnace  thus  lined  hold- 
ing 1,700  pounds  of  aluminum,  and  was  tested  at  the  C.  B.  Bohn 
Foundry  Co.,  Detroit.  The  power  input  was  raised  to  326  to  375  kw., 
and  on  about  60  tons  of  No.  12,  the  actual  melting  time*  averaged 
about  1  hour,  10  minutes  per  heat,  corresponding  to  an  output  of 
about  6  tons  per  10-hour  day,  at  about  475  kw.  h.  per  ton,  llie  net 
metal  loss  averaged  about  0.85  per  cent,  running  about  0.4  per  cent 
on  American  ingot,  scrap  No.  12  and  gates,  and  up  to  1.8  per  cent  on 
some  French  ingot  that  appeared  to  contain  some  nonmetallic  im- 
purities that  were  weighed  in  as  metaL  It  is  also  possible  that  there 
was  some  formation  of  aluminum  carbide  due  to  piling  the  charge 
too  close  to  the  arc  in  the  runs  on  the  French  metal  which  were  made 
first  The  product  from  both  the  French  and  American  metals  was 
of  satisfactory  quality.  A  1,200-pound  Detroit  furnace  is  operating 
on  aluminum  at  the  Storm  Peak  Potash  Co.,  Denver. 

The  Ajax-Wyatt  induction  furnace  has  not  been  tried  on  aluminum. 

It  will  be  noted  that  all  the  data  on  aluminum  show  a  high  power 
consumption  per  ton  of  metal  compared  to  that  required  by  the  same 
furnace  on  brass.  The  figures  range  on  10»hour  operation  from  850 
kw.  h«  per  ton  in  the  50-kw.  Baily  on  150-pound  heats,  through  660 
kw.  h.  per  ton  in  the  105-kw.  Baily  on  425-pound  heats,  to  475 
kw.  h.  per  ton  in  the  375-kw.  Detroit  on  1,700-pound  heats,  and  the 
24-hour  operation  figures  for  the  3  to  4  ton  Baily  tapping  furnace, 
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and  for  the  1,000  to  1,400  pound  General  Electric  furnaces,  are  500 
kw.  h.  per  ton  under  the  best  conditions.  Roughly,  a  given  size  and 
type  of  furnace  requires  at  least  50  per  cent  more  power  per  ton  to 
heat  aluminum  to  700*"  C.  than  it  does  yellow  brass  to  1,050''  C. 

In  fact,  theory  calls  for  the  expenditure  of  about  twice  as  much 
energy  as,  averaging  the  available  data,  100  per  cent  melting  efficiency 
calls  for  about  150  kw.  h.  per  ton  for  yellow  brass  "  and  300  kw.  h. 
per  ton  for  N'o.  12  aluminum.** 

In  fuel-fired  furnaces  the  difference  in  fuel  consumption  is  not  so 
marked  because  such  furnaces  operate  at  a  higher  efficiency  the  lower 
the  temperature,  so  that  a  given  fuel-fired  furnace  can  probably  pro- 
duce a  ton  of  aluminum  with  not  much  more  fuel  than  it  would  use  on 
yellow  brass. 

As  there  are  no  such  savings  in  metal  losses  and  in  crucibles  as  in 
brass  melting,  and  there  is  no  definite  proof  of  improved  quality  of 
metal,  the  value  of  electric  furnaces  for  aluminum  depends  on  whether 
or  not  an  aluminum  melter  can  melt  cheaper  by  paying  perhaps  $7  to 
$10  or  more  per  ton — depending  on  the  cost  of  power  and  the  size  and 
type  of  electric  furnace  chosen — for  electric  power  plus  the  interest 
and  depreciation  charges  per  ton  on  an  expensive  furnace  (that  will 
give  only  a  small  output,  compared  to  brass,  of  aluminum)  than  by 
paying  his  present  fuel  costs.  At  1920  fuel  prices  he  might  often  do 
so,  but  he  seldom  has  the  incentive  of  so  great  a  saving  as  to  make  a 
change  imperative.  On  the  other  hand,  the  larger  aluminum  founders 
may  often  have  so  large  an  output  that  the  large  amount  of  electric 
power  they  would  use  for  melting  would  come  at  a  low  figure  and 
make  a  respectable  saving.  Similarly,  plants  melting  brass  electri- 
cally could  add  electric  furnaces  for  their  aluminum  and  could  often 
get  the  added  amount  of  power  required  at  a  rather  low  figure.  Con- 
venience, coolness,  and  cleanliness  of  the  electric  furnace  might  also 
be  deciding  factors. 

But  any  use  of  electric  furnaces  for  aluminum  comparable  to  that 
for  brass  will  be  a  slower  development,  unless  it  is  definitely  proved 
that  some  electric  furnace  operated  in  some  particular  manner  will 
really  improve  the  quality  of  the  metal  and  will  materially  cut  down 
the  percentage  of  defective  castings.  There  is  a  good  chance  that 
this  may  be  possible,  but  it  has  not  yet  been  demonstrated.    Another 

*  Compare  Richards,  J.  W.,  Electric  power  required  to  melt  metals.  Trans.  Am.  Brass 
Founders*  Assn.,  vol.  4,  1010,  p.  95.  Clamer,  G.  H.,  and  Herlng,  C,  The  electric  furnace 
for  brass  melting,  Trans.  Am.  Inst.  Metals,  vol.  6,  1912,  p.  101.  Hansen,  C.  A.,  Electric 
melting  of  copper  and  brass.  Trans.  Am.  Inst.  Metals,  vol.  6,  1912,  p.  112.  Also  unpab- 
lished  data  from  Bridgeport  Brass  Co. 

**  Compare  Laschtschenko,  P.  N.,  Specific  heat  of  aluminum :  Jour.  Russ.  Phys.  Chem. 
Soc.,  vol.  10,  ^o.  56,  1914,  p,  311 ;  Merica,  P.  D.,  Aluminum  and  its  light  alloys :  U.  S. 
Bureau  of  Standards,  Circnlar  76,  1919.  p.  27;  WOst.  F.,  Meuthen,  A.,  and  Durrer,  R., 
Thermal  constants  of  technical  materials:  Zeit.  Instrumentenkunde,  vol.  89,  1919,  p.  294; 
Chem.  Abstr.,  vol.  14,  1920,  p.  1241. 
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possible  use  for  electric  melting  furnaces  which  has  yet  to  be  thor- 
oughly demonstrated  is  in  melting  cathode  copper. 

DIBECT-ABC   AND  OTHEB  FUBITACES  fOB  MELTDia  CATHODE 

COFPEA. 

Lyon  and  Keeney"  point  out  that  the  purity  and  conductivity 
of  cathode  copper  are  reduced  by  the  impurities  introduced  in  rever- 
beratory  melting  and  that  it  is  possible  to  melt  it  in  the  electric  fur- 
nace without  the  absorption  of  impurities.^  The  possible  application 
of  the  various  types  of  furnace  available  in  1914  is  considered.  The 
horizontal  ring  induction  furnace  is  barred  out  because  of  troubles 
from  pinch  effect  due  to  the  high  conductivity  of  the  material ;  the 
pinch-effect  furnace  is  similarly  barred  because  of  the  low  voltage 
required;  the  stationary  indirect-arc  furnace  is  considered  a  possi- 
bility but  on  account  of  the  cost  of  upkeep  is  not  thought  to  be  as 
promising  as  a  direct-arc  type  with  a  nonconducting  bottom,  such  as 
the  Heroult. 

Possible  loss  of  copper  by  volatilization,  according  to  Lyon  and 
Keeney,  can  be  prevented  by  the  use  of  a  slag.  In  experimentally 
testing  the  operation  of  a  direct-arc  furnace  on  copper,  however,  it 
should  be  recalled  that  there  have  been  severe  and  almost  fatal  cases 
of  copper  poisoning  from  melting  copper  under  a  direct  arc  Suit- 
able ventilation  should  be  provided,  and  masks  or  respirators  sup- 
plied, at  least  until  it  has  been  shown  that,  under  the  conditions 
under  which  the  furnace  will  be  operated,  there  is  no  possible  danger 
from  poisoning.  The  power  consumption  is  calculated  to  be  about 
300  kw.  h.  per  ton  in  a  25-ton  direct-arc  furnace.  No  commercial 
application  of  the  electric  furnace  to  the  melting  of  cathode  copper 
appears  to  have  been  made.  The  superintendent  of  a  large  copper 
rolling  mill  said  in  1917  that  the  remelting  of  cathode  copper,  even 
without  loss  of  conductivity,  must  be  done  at  a  cost  of  not  over  $1.50 
per  ton ;  so  that  power  would  have  to  be  considerably  cheaper  than 
one-half  cent  per  kw.  h.  to  make  electric  melting  possible. 

Baily  says  *•  that  cathode  copper  can  be  melted  electrically  without 
blowing  or  poling  and  with  only  the  sulphur  from  the  copper-sul- 
phate electrolyte  contained  in  the  cathode  as  charged  and  cites  two 
heats  in  a  Baily  105-kw.  furnace.  The  cathodes  were  sheared  to 
separate  the  edges,  which  occlude  more  electrolyte,  from  the  centers. 

"  Lyon,  D.  A.,  and  Keeney,  R.  M.,  Meltfnfir  cathode  copper  In  the  electric  fttmaoe :  Am. 
Inst.  Mln.  BnfC.,  Bull.  92,  Angust,  1914,  p.  1791. 

"  Lyon,  D.  A.,  and  Keoney,  R.  M.,  Smelting  copper  ores  in  the  electric  fnmace :  Am. 
Inst  Min.  Eng.,  BolL  80,  August,  1918,  p.  2117. 

*  Baily,  T.  F.,  Resistance-type  fnmaces  for  melting  nonferrons  metals :  Chem.  and  Met 
Bng.,  vol.  2^,  1919,  p.  11 ;  Trans.  Am.  Blectrocbem.  Soc,  vol.  85,  1919,  p.  411. 


FUBNACES  FOB  MELTING  CATHODE  COPPEH. 


285 


Quality  of  copper  melted  in  a  Baily  furnace. 
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Baily  says  that  the  large  resistor  type  of  furnace  tried  for  zinc 
cathodes  will  be  used  for  melting  cathode  copper.  The  contrary 
opinion  has  already  been  cited  of  a  copper  rolling  mill  which  has 
used  a  105-kw.  Baily  furnace  for  brass,  but  does  not  consider  the 
resistance  type  worthy  of  consideration  for  large-scale  copper  melt- 
ing. Some  interest,  however,  has  been  shown  by  the  larger  melters 
of  cathode  copper  in  the  possible  adaptation  of  General  Electric 
and  Foley  furnaces  for  this  purpose. 

The  General  Electric  furnace  has  been  operated  at  the  United  States 
Copper  Products  Co.  on  new  copper  with  some  heavy  tube  scrap. 
The  quality  of  the  product  is  said  to  be  satisfactory  when  no  metallic 
impurities  are  present  and  the  copper  is  poled  prior  to  phosphorizing. 
The  furnace  is  said  to  be  much  less  satisfactory  for  pouring  a  pure, 
tough  pitch,  unphosphorized  copper. 

A  Detroit  rocking  indirect-arc  furnace  has  been  used  for  melting 
cabbaged  copper  wire  and  scrap  copper  into  wire  bar,  and  its  users 
state  that  metal  of  100  per  cent  conductivity,  Mathiesen  scale,  is  pro- 
duced without  the  use  of  fluxes  or  deoxidizers.  The  charge  must,  of 
course,  be  free  from  metallic  impurities.  The  Bennett  contact- 
resistance  furnace  is  also  said  to  be  satisfactorily  employed  in  melt- 
ing pure  copper. 

The  electric  furnace  has  a  big  advantage  over  crucibles  for  melting 
brass  in  that  it  can  readily  produce  equal  quality  in  larger  melting 
units,  but  it  is  at  a  corresponding  disadvantage  in  melting  cathode 
copper  in  that  no  electric  melting  furnace  has  yet  been  built  with  a 
capacity  of  over  40  tons  of  molten  steel,  and  few,  if  any,  with  over 
10  to  15  tons  capacity  have  been  built  to  melt  cold  stock,  whereas 
reverberatory  copper  furnaces  often  take  200  tons  and  upward  per 
charge. 

Moreover,  it  is  stated '®  that  recent  advances  in  reverberatory  prac- 
tice have  allowed  the  use  of  high-sulphur  oil  for  reverberatory  melt- 
ing of  cathodes  without  trouble  from  sulphur  in  the  wire  bars. 

The  upkeep  of  the  refractories  in  a  direct  or  indirect  arc  furnace, 
the  only  types  likely  to  prove  efficient  enough  in  the  use  of  power 

*>  Hydrometallurgy  and  pyrometallurgy  ot  copper  In  1019,  Chem.  and  Met  Eng.,  vol. 
22.  1020,  p.  7. 
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unless  induction  furnaces  are  developed  enough  to  be  applicable,  is 
almost  certain  to  be  more  difficult  than  in  a  fuel-fired  reverberatory, 
and  until  this  factor  can  be  overcome  the  large-scale  electric  melting 
of  cathode  copper  does  not  seem  likely  in  the  near  future. 

CHOICE  OF  A  FITBNACE. 

In  choosing  an  electric  furnace  for  a  given  plant,  or  in  selecting 
two  furnaces  for  comparative  test,  the  first  thing  to  consider  is  the 
alloys  to  be  melted,  so  that  the  furnace  chosen  may  be  metallurgically 
fit  for  the  work  in  hand  and  for  the  range  of  alloys.  For  nickel  ' 
chromium  and  Monel  metal  one  can  use  the  Heroult,  Snyder,  Greaves- 
Etchell,  or  the  Bennerfelt,  and  possibly  the  rocking  type  or  the  Qen- 
eral  Electric.  The  two  latter  would  be  at  a  disadvantage  because  the 
refractories  ordinarily  used  in  them  are  not  meant  for  use  at  such 
high  temperatures.  The  possible  application  of  the  direct-arc  type 
to  pure  copper  depends  on  the  true  answer  to  the  yet  unsolved  ques- 
tion as  to  whether  there  will  be  poisoning  of  the  workmen  by  vola- 
tilized copper.  The  General  Electric  furnace,  though  used  on  copper, 
begins  to  have  considerable  trouble  in'  maintaining  the  roof  on  ac- 
count of  the  high  temperature.  On  gun  metal  one  can  probably  use 
any  of  the  furnaces.  On  ^^  85-^5--5-  5,"  the  point  in  zinc  content  ut 
which  a  direct-arc  furnace  will  not  cause  too  great  loss  of  zinc,  has 
probably  been  passed. 

On  74  copper,  4  tin,  5  lead,  17  zinc  one  could  use  any  type  save  the 
direct-arc,  but  the  Rennerfelt  begins  to  have  trouble  through  vola- 
tilization of  zinc,  and  the  lead  content  is  near  the  upper  limit  for 
safety  of  the  present  lining  of  the  Ajax. 

Another  point  demanding  consideration  on  alloys  high  in  lead  or 
on  yellow  brass  is  whether  a  thorough  mixture  of  the  alloy  is  essen- 
tial. If  it  is,  the  rocking  type  on  the  high  lead  alloys  and  the 
Ajax  and  rocking  furnaces  on  yellow  are  indicated,  as  against  the 
types  that  require  hand  stirring  to  insure  thorough  mixing. 

When  the  furnaces  that  are  entirely  fit  metallurgically  are  chosen 
for  a  given  alloy,  the  metal  losses  should  be  low,  and  practically 
equal  in  all  the  fit  types,  so  that  the  choice  of  an  individual  furnace 
rests  on  other  factors  than  the  metal  loss,  though  that  may  often  be 
the  determining  factor  in  choosing  electric  furnaces  as  a  class  to 
replace  fuel-fired  furnaces. 

The  range  of  alloys  to  be  melted  in  the  same  furnace  must  be  con-  J 
sidered.  For  example,  a  firm  making  both  ordinary  red  brass  and 
yellow  brass  could  melt  the  former  in  a  Bennerfelt  and  the  latter  in 
an  Ajax,  and  if  it  had  sufficient  production  to  keep  the  Bennerfelt 
always  working  on  red  and  the  Ajax  always  on  yellow,  it  would  have 
a  good  combination  in  the  use  of  both  furnaces.    But  if  the  same 
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furnace  must  be  able  to  melt  a  heat  of  red,  followed  by  one  of 
yellow,  neither  furnace  will  do,  and  the  choice  must  be  made  from 
the  furnaces  that  will  handle  both  alloys.  The  metallurgical  fitness 
of  the  various  furnaces  is  shown  in  Table  54. 

When  the  possible  furnaces  have  been  separated  from  those  that 
are  unfit  on  the  basis  of  metallurgical  ability  and  versatility,  the 
choice  can  still  be  narrowed  down  further  by  considering  the  fur- 
naces as  to  their  fitness  on  other  lines.  A  rolling  mill  or  a  smelting 
and  refining  plant  that  can  operate  24  hours  a  day  and  can  use  almost 
any  amount  of  metal  any  time  it  is  ready  to  pour  has  a  different 
problem  from  that  of  a  small  jobbing  shop  that  plans  to  run  but  one 
shift  per  day  and  perhaps  requires  heats  of  various  alloys  and  in 
various  amounts  and  can  not  dispose  of  a  very  large  heat  at  one  time. 
The  next  thing  to  consider,  therefore,  is  the  daily  production  desired 
and  the  size  of  the  heats  needed.  A  further  sorting  of  the  furnaces 
may  be  made  to  select  a  type  and  a  size  of  a  given  type  suitable  for 
the  work.  A  rolling  mill  may  desire,  to  pour  direct  from  furnace  to 
mold  and  hence  chooses  a  furnace  from  which  such  pouring  can  be 
done,  and  selects  one  taking  a  charge  that  will  just  fill  a  certain 
number  of  molds.  The  tendency  there  might  be  toward  not  too  large 
sizes  and  toward  the  more  compact  furnaces,  as  pouring  direct  from 
these  is  more  easily  controlled.  Another  rolling  mill  may  wish  to 
break  away  from  small  charges  or  small  ingots  to  see  if  econo- 
mies can  not  be  introduced  by  large  scale  units,  so  that  they  choose 
the  furnace  taking  the  largest  charge  from  among  the  otherwise 
suitable  ones. 

Table  54. — ApplicabUUi^  of  variouB  types  of  electric  furnace  to  various  alloys. 


Alloys. 

Types  of  furnaces. 

F*. 

Cr. 

NL 

Cu. 

8n. 

th. 

Zn. 

Af. 

AL 

Direct 
arc 

Station- 
ary 

Indirect 
arc 

Moving 
arc. 

flected 
heat. 

Contaot 
resist- 
ance 
(Ben- 
nett). 

Vertical 
ring 

Induo- 
tion. 

High 
fre- 
quency. 

15 

85 

•  •  •  • 

•  •  •  ■ 

•  •  •  • 

O.K. 

O.K. 

O.K.? 

?1 

? 

? 

O.K.? 

5 

•  •  •  • 

67 

28 

•   w   •   • 



O.K. 

O.K. 

O.K. 

?1 

? 

? 

O.K.? 

25 
6 

76 
05 

•  •  •  • 

■  ■  •  • 

T2 

O.K. 

O.K. 

O.K. 

O.K.? 

? 

O.K.? 

MO 

•  •  *  • 

•  •  •  • 

?2 

O.K. 

O.K. 

O.K. 

O.K. 

No-3 

O.K. 

90 

88 

10 
10 

•  •  »  • 

2 

O.K. 

O.K. 

O.K. 

O.K. 

O.K.? 

?3 

O.K. 

80 
76 
68 

10 
8 
4 

10 
18 
26 

•  •  •  * 

8 
2 

0.K.5 

• 

O.K. 

O.K. 

O.K. 

O.K.? 

No-4 

O.K. 

85 

5 

5 

5 

No-5 

O.K. 

O.K. 

O.K. 

O.K. 

O.K. 

0.  K. 
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TABL8  Mr—AppUcaMlUy  of  various  types  of  eletitrie  futnaceto  various  alloys— 

GoBtinued. 


Alloys. 

Types  of  furnaces. 

Fe. 

Cr. 

Ni. 

Cu. 

Sn. 

Pb. 

Zn. 

Ag. 

Al. 

BUect 
arc. 

Station- 

ary 
indirect 

aro. 

Moving 

indlfeci 

arc. 

Re- 
flected 
heat. 

Oeutaot 

resist- 
aneo 

VerUcal 
ring 

inddo- 
Uon. 

High 
fre- 
quency. 

74 
80 
70 
67 
61 
65 
60 

4 

5 

17 
20 
30 
80 
38 
34 
40 

No-6 

No-6 

O.K. 

O.K. 

O.IL 

O.K. 

!    ". 

•  «  •  * 

1 

3 

•  •  •  • 

1 

O.K. 

•  • ^^   « •• • 

18 

68 

24 

No^ 

No-5 

O.K. 

0.  K. 

? 

O.K. 

O.K. 

3 
3 

8 
10 
10 

15 
80 

«  •  •  • 
«  •  •  • 

82 
68 
92 

■     «     B     • 

5 

No-5 

? 

T 

No 

?5 

O.K.? 
O.  K* 
No-5 

O.K. 
O.K. 

o.K.r 

O.K.? 

O.K. 

O.K. 

O.K.? 

O.K. 

? 
? 
? 
? 

?8 

?3 

V 

O.K. 

O.K. 

90 

•  *  •  • 

O.K. 

85 

O.K.? 

O.K.    —  Furnace  metallitfgiMaiy  satisfatAory  fbr  2 

this  alloy. 
7      •-No  data  on  hand.  S 

O.  K.    —Probably  satisfactory,  but  no  record  of 

trial.  i 

No     -"  Furnace  not  satisfactory  for  this  alloy. 
1      —Temperatures  probably  ratber  high  for  6 

good  refractory  life. 


-iQiNBtlAn  of  copper  poiapnlng  by  tamt 
from  direct  arc  not  yet  settled. 

—indaetiOA  furnace  on  this  allov  would  re- 
quire resistor  tube  of  special  design. 

-Lead  too  high  Ibr  good Ufe  of  UBoalQning 
of  induction  furnace. 

— Furnace  causeslOBB  of  volatile ttetalfnaa 
this  alloy. 


A  firm  that  can  dispose  of  metal  rapidly  desires  to  use  the  furnace 
that  will  give  the  greatest  production  in  the  one,  two,  or  three  shifts 
they  plan  to  work,  and  the  high  rate  of  production  may  be  most  im- 
portant in  relation  to  labor  per  ton  of  melt,  to  floor  s]>ace,  or  to  the 
original  investment  in  the  furnace. 

ELECTBIC  POWEB  AVAZLABLB. 

If  electric  power  is  cheap,  convenience,  low  labor  cost,  or  the  avoid- 
ance of  electrode  cost,  may  indicate  a  choice  of  a  furnace  relatively 
inefficient  in  use  of  power.  If  power  is  dear,  the  more  efficient  the 
furnace  is  in  the  use  of  power  the  more  likely  it  is  to  be  preferred. 
If  a  plant  is  to  take  power  from  a  small  central  station,  the  size 
and  nature  of  the  furnace  load  must  be  such  that  the  central  sta- 
tion will  accept  the  load.  Furnaces  otherwise  better  fitted  for  the 
plant's  need  may  therefore  have  to  be  passed  over  in  favor  of  a  fur- 
nace with  electrical  characteristics  suitable  for  the  location.  Again, 
between  two  suitable  furnaces,  a  choice  may  be  made  on  the  basis  of 
upkeep  cost,  life  and  cost  of  lining,  electrode  consumption  and  break- 
age. It  may  be  cheaper  to  use  a  very  high-powered  furnace  and  to 
replace  refractories  often  in  order  to  get  a  high  rate  of  production, 
or  it  may  be  cheaper  to  use  a  low-powered,  inefficient  furnace  with 
a  low  rate  of  production  to  avoid  refractory  troubles;  more  likely* 
it  is  better  to  choose  one  that  falls  between  the  two  extremes. 
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SPEGIAI.  CONDITIONS. 

• 

Finally,  after  the  most  suitable  electric  furnaces  have  been  selected, 
a  comparison  should  be  made  for  special  conditions:  The  alloys 
melted,  the  number  of  shifts  worked,  the  power  and  fuel  costs,  the 
labor  costs,  the  upkeep  costs,  the  metal  losses,  and  their  value,  and 
the  health  and  safety  conditions  of  fuel-fired  furnaces  already  in 
operation  or  chosen  from  the  various  available  types  and  sizes  of 
fuel-fired  furnaces  in  a  fashion  similar  to  that  employed  in  select- 
ing the  type  and  size  of  electric  furnace. 

In  this  comparison,  the  first  cost  of  the  electric  furnace  must  not 
be  forgotten,  though  it  is  often  neglected  in  the  comparisons  of  melt- 
ing costs  put  out  by  electric  furnaoe  makers.  One  can  either  in- 
clude an  interest  and  depreciation  charge  per  ton  based  on  the  sum 
of  these  items  per  year,  divided  by  the  yearly  output,  or  he  can  omit 
it,  and  then  figure,  from  his  calculation  of  the  savings  shown  by 
electric  melting  over  fuel-fired  furnace  melting,  how  long  it  will 
take,  at  the  rate  of  production  of  the  particular  electric  furnaces  con- 
sidered, to  pay  for  each  of  them  and  how  much  they  will  thereafter 
save  him. 

On  account  of  the  initial  cost  and  the  interest  charge  one  should 
not  install  so  many  electric  furnaces  that  some  wiU  stand  idle  most 
of  the  time,  being  there  simply  to  handle  small  peaks  of  production 
in  excess  of  the  normal ;  for  excess  production  a  plant  should  utilize 
fuel-fired  furnaces  of  lower  initial  cost. 

It  is  impossible  to  draw  up  any  accurate  blanket  comparison  of 
melting  costs  in  fuel-fired  furnaces  and  electric  furnaces.  Melting 
cost  in  fuel-fired  furnaces  varies  with  a  multitude  of  conditions,  and 
so  does  melting  cost  in  electric  furnaces.  When  the  varying  condi- 
tions are  known,  a  dollar-and-cents  comparison  is  the  most  striking 
and  convincing  method  possible. 

But  such  figures  are  of  little  real  value  unless  they  are  calculated 
for  a  particular  rather  than  for  a  general  case,  and  to  give  general 
figures  in  this  report  is  deemed  inadvisable.'^  The  cost  figures  given 
in  the  advertising  literature  of  some  fumiace  makers,  therefore,  will 
vot  be  quoted.  Instead,. in  the  discussion  of  the  performance  of  the 
various  furnaces,  such  data  as  could  be  collected  have  been  given  as 
would  allow  an  individual  plant  to  make  the  calculation  of  melting 
costs  for  its  own  conditions. 

When  electric  brass  melting  is  a  little  older,  valuable  comparisons 
can  be.  ma«de  of  the  performance  of  two  or  more  types  and  sizes  of 
electric  furnaces  in  the  same  plant,  as  then  the  conditions  of  oper- 
ation of  both  types  can  be  made  similar.  A  number  of  firms  have 
two  or  more  types  of  electric  brass  furnaces,  and  one  firm  has  tried 

'^  Compare  Electric  furnace  progrress.  Metal  Ind.  voL  17,  1019,  p.  280. 
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five  makes  of  electric  furnaces,  but  it  is  unusual  that  more  than  one 
type  has  been  installed  long  enough  so  that  accurate  data  are  ayail- 
able  on  the  different  types  or  else  the  different  types  have  not  been 
tested  on  the  same  classes  of  work.  Valuable,  accurate,  comparative 
data  on  performance  should  become  increasingly  available  from  these 
plants  in  the  future. 

After  a  proper  type  and  size  of  electric  brass  furnace  has  been 
chosen  to  meet  the  specific  conditions  of  a  particular  plant,  the  fur- 
nace should  be  installed  and  operated  to  the  best  advantage. 

INSTALULTION  OF  AN  ELEGTBIC  FTXBNAGE. 

There  are  certain  points  in  the  installation  which  require  the  at- 
tention of  some  one  with  a  knowledge  of  electrical  engineering,  as 
applied  to  electric  furnaces,  rather  greater  than  that  possessed  by  the 
ordinary  firm  of  electrical  contractors,  so  that  the  advice  of  either 
the  furnace  maker  or  the  central  station  should  always  be  taken 
rather  than  to  depend  entirely  on  a  plant  electrician  or  on  a  con- 
tractor. These  points  mostly  center  around  the  fact  that  carrying 
alternating  currents  of,  say,  2,000  amperes  is  a  different  matter  from 
that  of  carrying  the  much  smaller  currents  of  the  ordinary  power  or 
lighting  circuit. 

Compared  to  the  problems**  involved  in  canying  currents  of 
20,000  amperes  often  required  by  large  ferro-alloy  or  iron-smelting 
furnaces,  or  even  current  of  5,000  to  10,000  amperes,  as  taken  by  large 
steel-smelting  furnaces,  the  problems  with  the  brass  furnaces,  even 
the  lar^rest,  are  fairly  simple. 

For  example,  in  one  of  the  Swedish  iron-smelting  furnaces,  taking 
3,000  kw.,  the  losses  between  the  transformers  and  the  furnace  were 
475  kw.  with  one  method  of  running  the  leads  from  transformers 
to  furnace,  while  with  another  the  losses  were  cut  to  285  kw.,  the 
power  factor  being  at  the  same  time  brought  up  from  70  to  90. 

Beside  the  actual  saving  of  energy,  the  change  made  8,500  kv.  a. 
of  transformer  capacity  capable  of  sending  more  energy  to  the  fur- 
nace than  a  capacity  of  4,500  kv.  a.  sent  before. 

In  another  4,000-kw.  furnace,  490  kw.  trere  lost  between  transform- 
ers and  electrodes,  165  kw.  in  the  leads  themselves  and  315  kw.  in  the 

structural  ironwork  near  those  leads.    Power  used  in  heating  up 

-    - -^ —  —  — ^^^^^ 

■  Compare  LlndstrSm,  A.,  Leads  for  electric  fnmaces.  Met  and  Chem.  Bng.,  toL  10. 
1017,  p.  683.  Holmgren,  F.,  Problems  In  electric  furnace  smelting,  Chem.  and  Met  Bnc.. 
▼01.  22,  1920,  pw  166^  AnoiL,  LoW  teoMon  oondnetors  for  electric  fonaces,  IQec.  R«t.,  tdL 
76,  1920,  p.  267.  Meyer,  A.  A.,  Electrical  characteristics  of  electric  Furnaces,  Trans.  Am. 
Rlectrochem.  Soc.,  vol.  81,  1917,  p.  97.  Fllnterman,  R.  F.,  Electric  steel  castings.  Trans, 
Am.  Electrochem.  Soc.,  vol.  88,  1918,  p.  203.  Anon.,  Frequency  lor  and  capacity  of 
electric  furnaces,  Blea  Rev.,  toL  75,  1919,  p.  1008.  Bdltorlal»  Transformers  fot  electric 
furnaces,  Elec.  World,  vol.  75,  1920,  p.  880. 
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leads  or  nearby  ironwork  never  gets  into  the  furnace,  but  it  has  to  be 
paid  for  just  the  same. 

In  a  Heroult  steel  furnace  of  about  1,300  kw.  it  was  found  that  the 
voltage  drop  in  one  of  the  leads  passing  near  some  structural  steel 
was  over  three  times  the  drop  in  another  similar  lead  more  remote 
from  the  steelwork.  The  leads  were  originally  made  up  of  bus  bars 
held  apart  to  allow  ventilation  and  radiation  of  heat  by  copper 
spacers,  which  made  the  whole  lead  essentially  one  big  conductor  in- 
stead of  several  separate  conductors  in  parallel.  By  merely  taking 
out  the  copper  spacers  and  inserting  insulating  spacers  the  voltage 
drop  was  decreased,  and  the  furnace  was  enabled  to  do  more  work 
and  to  make  its  heats  faster  and  at  a  lower  power  consumption. 

All  this  peculiar  behavior  of  leads  carrying  heavy  currents  is  due 
to  the  fact  that  alternating  current  travels  in  waves,  first  in  one  di- 
rection and  then  in  the  other.  The  more  often  the  waves  travel,  the 
greater  the  complications. 

With  direct  current,  such  as  we  have  in  storage  batteries,  electro- 
plating, etc.,  the  current  travels  steadily  in  one  direction.  But  direct 
current  can  not  be  transformed  from  one  voltage  to  another  and 
hence  must  be  generated  at  the  voltage  at  which  it  is  to  be  used.  It 
must,  therefore,  be  transmitted  at  low  voltages  and  high  currents. 
Alternating  current,  on  the  other  hand,  can  be  generated  at  many 
thousands  of  volts  and  transmitted  over  long  distances  over  tiny 
wires  at  very  low  currents.  Since  the  heating  of  a  conductor  depends 
on  the  current  and  not  the  voltage,  and  increases  as  the  square  of  the 
current,  this  high-voltage,  low-current  transmission  at  low  currents 
means  that  there  is  a  huge  saving  both  from  the  diminution  of  energy 
losses  and  from  the  decreased  cross  section  of  conductor  required. 

When  the  high- voltage  alternating  current  has  been  brought  to 
the  point  where  the  power  is  used,  it  is  merely  run  through  a  trans- 
former that  can  change  it  to  the  lower  voltage  desired,  at  a  corre- 
spondingly higher  current.  For  this  reason  all  electric  furnaces  that 
need  merely  heat,  arid  not  the  electrolytic  action  of  the  direct  current, 
use  alternating  currents. 

With  direct  current  the  same  number  of  amperes  of  current  passed 
through  the  same  cross  section  of  a  copper  conductor  gives  the  same 
heating  effect  no  matter  what  the  shape  of  the  conductor  or  whether 
it  is  near  other  conductors  or  not. 

Direct  current  will  magnetize  nearby  iron  or  steel,  but  it  does  not 
cause  in  them  the  losses  due  to  inductive  or  eddy  current  that  are 
caused  by  alternating  current.  With  alternating  current,  where  the 
current  changes  in  magnitude  from  zero  through  the  maximum  to 
zero  again,  as  well  as  in  direction,  60  times  a  second  on  60-cycle  cur- 
rent, and  25  times  on  25-cycle,  and  the  changes  in  the  current  bring  in 
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the  effect  of  ^  reactance  ^  or  an  inductive  effect  With  direct  corrent 
a  conductor  opposes  the  flow  of  current  by  resistance  only,  while  with 
altemating  current  it  opposes  that  resistance  plus  reactance  as  well, 
and  reactance  is  affected  by  the  size  and  shape  of  the  conductor  and 
by  the  proximity  of  other  conductors  and  of  iron  or  steel.  If  to  a 
big  electric  furnace  for  making  calcium  carbide,  for  example,  care- 
lessly installed,  were  supplied,  in  order,  three  different  sorts  of  cur- 
rent at  the  very  same  voltage,  the  furnace  might  take  5,000  kw.  on 
direct  current,  4/)00  on  25-cycle,  and  2,500  on  60-cycle  altemating 
current.  By  proper  subdivision  and  interlacing  of  the  lead&,  and  by 
avoidance  of  nearby  iron,  the  last  two  figures  might  be  brought  up 
much  nearer  the  first. 

It  is  not  necessary  to  go  deeply  here  into  the  various  effects  of 
reactance,  such  as  the  power  factor,  skin  effect  in  conductors,  eddy 
currents,  and  other  losses  in  near-by  iron  or  steel  here,  but  it  is  worth 
while,  however,  to  point  out  that  these  factors  exist,  and  that  dis- 
regard of  them  may  mean  that  the  cost  of  the  leads  between  trans- 
formers and  furnaces  may  be  much  higher  than  is  necessary, 
and  that  avoidable  losses  of  energy,  costing  as  much  per  unit  as 
energy  usefully  employed  in  the  furnace,  may  take  place  every  day 
the  furnace  is  used. 

The  foundryman  must  trust  the  furnace  maker  or  the  central 
station  to  specify  the  proper  size  and  shape  of  the  leads  and  to  see 
that  they  are  properly  installed.  He  should  be  sure  that  the  knowl- 
edge of  and  experience  with  heavy  current  conductors  of  whomever 
he  chooses  to  trust  is  adequate. 

Generally  speaking,  the  shorter  the  secondary  leads  are  from  high- 
tension  transformer  to  the  furnace  and  the  farther  they  are  from 
girders  and  structural  ironwork  the  better.  The  ideal  arrangement 
is  to  have  the  high-tension  switchers,  meters,  etc.,  in  a  properly 
inclosed  room,  kept  locked  against  intrusion  in  order  to  prevent 
danger  to  life  from  high-voltage  current,  with  remote  control 
switches  on  the  furnace  switchboard  for  throwing  off  and  on  high- 
tension  current. 

A  fatal  accident  occurred  on  a  direct-arc  furnace  of  rather  higher 
voltage  than  the  most  modem  form,  on  which  the  primary  switch  was 
not  controlled  from  the  furnace.  A  workmi^n  was  putting  the  furnace 
into  shape  after  relining  it  and  stood  so  that  his  body  made  contact 
between  upper  and  lower  electrodes.  A  fellow  workman  evidently 
t)ecame  confused  as  to  which  of  two  switches  ^at  some  distance  from 
the  furnace  was  the  one  that  controlled  a  circuit  that  he  wished  to 
close,  and  he  closed  the  switch  to  the  furnace,  and  the  man  working 
on  the  furnace  was  killed.  Under  working  conditions  there  is  usually 
no  danger  whatever  in  an  electric  brass  furnace  properly  installed,  but 
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even  the  low  voltages  may  be  dangerous,  as  even  a  low-voltage,  high- 
current  circuit  closed  through  the  body  may  bring  serious  results. 
The  safe  way  is  to  open  the  high-tension  circuit  entirely  when  one 
wishes  to  turn  the  current  off,  and  to  do  this  from  a  control  board  at 
the  furnace  itself. 

All  the  commercially  used  electric  brass  furnaces  can  be  installed 
so  as  to  be  safe. 

The  transformers  themselves  should  be  placed  outdoors  wherever 
possible,  or  else  in  special  transformer  rooms  or  cells.  If  it  can  be 
avoided,  high-tension  current  should  not  come  into  the  foundry  itself. 

To  get  short  secondary  leads,  the  furnaces  are  placed  preferably 
close  to  a  wall,  with  the  transformer  directly  back  of  the  wall  on  the 
other  side.  The  higher  the  current  in  the  secondary  leads  the  more 
important  it  is  for  them  to  be  short. 

Besides  the  losses  of  energy  in  the  leads  there  are  losses  in  the  trans- 
formers and  in  the  electrodes,  but  they  depend  on  proper  materials, 
design,  and  proportioning,  for  which  makers  of  the  transformers  and 
the  furnaces  are  responsible. 

As  soon  as  a  furnace  is. installed  a  comparison  should  be  made  be- 
tween the  reading  of  the  kw.-h.  meter  on  the  primary,  back  of 
the  transformer  and  leads,  and  the  reading  of  that  on  the  furnace 
switchboard  by  which  the  furnace  is  operated,  if  this,  as  is  usually  the 
case,  is  connected  up  on  the  secondary  side  and  shows  the  energy  that 
gets  to  the  electrodes,  but  does  not  include  losses  in  transformer  and 
leads.  If  such  a  comparison  shows  not  much  over  5  per  cent  loss  be- 
tween the  power  on  the  primary  side,  that  paid  for,  and  that  on  the 
secondary,  the  installation  is  pretty  good.  A  loss  of  10  per  cent  would 
not  be  unusual  if  the  secondary  leads  are  very  long.  Higher  losses 
would  indicate  that  the  installation  could  probably  be  improved. 

BEFBACTOBY  LININGS. 

The  first  refractory  lining  for  a  furnace  is  usually  supplied  by  the 
furnace  maker.  After  that  is  worn  out  the  user  may  and  usually  does, 
sooner  or  later,  try  some  other  lining,  and  he  may  experiment  with  all 
sorts  of  refractories  and  with  large  bricks,  or  even  one-piece  liners, 
with  small  bricks,  and  with  rammed-in  linings. 

On  account  of  changes  in  prices  of  refractories  and  varying  freight 
rates,  different  refractories  may  be  called  for  in  different  localities  or 
in  the  same  locality  at  different  times.  Each  type  of  furnace  has  its 
own  peculiar  requirements,  and  the  nature  of  the  charge,  the  amount 
and  nature  of  slag- forming  nonmetallic  impurities,  and  the  way  the 
furnace  is  run  aU  have  a  bearing  on  the  refractory  problem. 

The  ideal  lining  would  never  wear  out,  would  allow  no  heat  to 
escape  through  it,  and  would  itself  take  up  no  heat.    No  lining  is 
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ideal  in  any  one  of  these  points.  Each  factor  is  of  about  equal  im- 
portance. Long  life  is  desirable,  and  the  less  often  the  furnace  is  down 
for  relining  the  lower  the  cost,  not  only  of  refractories  and  of  labor 
for  laying  them,  but  also  of  the  overhead  on  a  nonproductive  furnace. 
But  long  life  may  very  possibly  be  attained  at  too  great  an  expense 
for  expensive  electric  heat  lost  through  the  lining,  and  through 
lowered  production  due  to  this  loss  of  heat.  A  lining  of  low-heat 
conductivity  is  more  necessary  in  an  electric  furnace  than  in  a  fuel- 
fired  one,  so  the  lining  is  usually  thicker  than  in  fuel-fired  furnaces 
of  similar  size  for  this  reason. 

But  if  an  electric  furnace  is  to  be  used  only,  say,  9  or  10  hours  per 
day,  the  heat  storage  in  a  thick  lining  may  be  too  great.  The  inside 
of  the  furnace  lining  must  be  heated  up  to  or  above,  depending  on 
the  type  of  furnace,  the  pouring  temperature  of  the  metal  before 
the  metal  can  be  poured.  The  temperature  varies  through  the  lining 
from  inside  to  outside.  Now,  if  the  refractory  has  too  high  a  heat 
conductivity,  the  lining  must  be  heated  nearly  to  this  temperature 
for  quite  a  distance  back  before  it  ceases  to  drain  the  heat  away  from 
inside,  and  before  the  inside  gets  up  to  full  operating  temperature. 
In  some  furnaces  having  great  wall  area  in  comparison  to  their 
metal  capacity,  huge  amounts  of  heat  must  thus  be  drained  from  the 
inside  and  stored  in  the  walls  during  the  first  two  or  three  melts-of 
the  day.  This  heat  leaks  away  through  the  furnace  shell  when  the 
furnace  is  idle  nearly  as  fast  as  it  does  while  the  furnace  is  running 
until  the  lining  gets  pretty  well  cooled  off,  so  the  next  morning  the 
walls  have  again  to  be  supplied  with  the  heat  they  have  lost  through 
the  night.  On  continuous  operation  the  walls  get  *' soaked  full  of 
heat,"  or  the  furnace  has  reached  the  "steady  state,"  so  that  each 
heat  comes  out  in  the  same  time,  and  the  energy  supplied  is  used  in 
useful  work  or  is  lost  through  radiation  from  the  walls  during  the 
heat  rather  than  in  heating  up  the  walls.  On  9-hour  operation  on  the 
first  few  heats  of  the  morning  it  is  necessary  to  supply  not  only  the 
shell  losses  during  that  heat,  but  also  energy  to  make  up  for  the  shell 
losses  of  the  night  before. 

High  heat  storage  therefore  means  low  production  and  low  ther- 
mal efficiency  when  the  furnace  is  not  run  continuously.  It  might 
conceivably  pay  to  make  a  furnace  lining,  say  2  inches  thick  and,  if 
necessary,  to  water-cool  the  outside  to  keep  the  lining  from  melting  on 
a  furnace  to  be  run  but  a  few  hours  per  day.  If  one  lost  an  average 
of  20  kw.  per  hour  for  24  hours  with  a  thick  lining,  he  has  to  supply 
480  kw.  h.  in  whatever  time  the  furnace  is  run,  say,  8  hours,  320  kw. 
of  this  being  stored  and  lost  at  night.  He  could  lose  80  kw.  aver- 
age per  hour  for  8  hours,  and  if  the  furnace  had  a  storage  of  only 
100  kw.  h.  he  could  not  lose  more  than  that  in  the  remaining  16  hours, 
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or  a  total  of  420  kw.  h.  He  would  then  start  with  a  dead  cold  fur- 
nace each  morning,  but  he  would  be  60  kw.  h.  ahead  on  his  day's 
run.  St.  John  ^  has  shown  several  diagrams  of  the  distribution  of 
heat  losses  which  bring  out  the  important  role  played  by  stored  heat. 

It  is  the  stored  heat  lost  at  night  that  cuts  a  large  percentage  figure 
in  a  small  furnace  and  that  prevents  the  usual  types  of  externally 
heated  crucible  furnaces  from  having  any  chance  of  commercial  use- 
fulness. The  lack  of  stored  heat,  due  to  the  need  for  only  a  very 
thin  heat-insulating  wall,  makes  the  high-frequency  furnace  with 
its  internally  heated  crucible  a  possibility  for  intermittent  work  in 
small-sized  furnaces. 

The  inside  of  the  lining  must  be  refractory  enough  not  only 
merely  to  resist  fusion  but  to  stand  up  against  the  atmosphere,  the 
metal,  or  the  slag  with  which  it  is  in  contact. 

But  the  most  refractory  materials  commonly  available  have  a  high 
heat  conductivity  and  a  high  specific  heat ;  that  is,  they  tend  to  give 
both  high  wall  losses  and  high  heat  storage.  If  only  such  a  thickness 
of  this  high-temperature  refractory  be  used  as  will  keep  the  tem- 
perature at  its  back  down  to  some  lower  temperature  at  which  some 
other  less  refractory  material  of  lower  heat  conductivity  and  heat 
storage  will  stand  up,  the  second  refractory  then  becomes  a  better 
material  for  that  layer  of  the  lining  than  the  first. 

Past  a  certain  thickness  of  the  second  refractory,  a  third  material, 
still  less  refractory  but  of  even  higher  resistance  to  heat  flow  and 
of  lower  heat  storage  capacity,  then  surpasses  the  second.  Even 
more  layers  could  be  used. 

Still  better  would  be  a  brick  that  varied  in  composition  and  prop- 
erties from  one  end  to  the  other,  as  too  many  layers  of  very  thin 
bricks  give  mechanical  instability.  Some  distinct  progress  is  being 
made  in  the  experimental  production  of  such  bricks,  especially  car- 
borundum fire-clay  mixtures. 

Nearly  all  electric  furnaces  use  at  least  two  layers  of  refractory 
material.  The  outside  layer  next  to  the  diell  is  the  easiest  to  select, 
as  infusorial  eariii  like  *^  Sil-o-cel '^  and  similar  infusorial  earth 
products  have  in  high  degree  just  the  needed  properties.  Heavy 
asbestos  sheets  or  asbestos  cement  are  sometimes  used. 

A  low-grade  fire  brick  usually  fills  fairly  well  the  requirements 
for  the  middle  layer,  but  the  inner  layer  is  the  real  problem.  Most 
electric  brass  furnaces  use  high-grade  fire  brick,  especially  those 
high  in  alumina.  Some  use  silica  brick.  On  accoimt  of  the  danger 
of  spalling  due  to  heating  and  cooling,  which  is  shared  by  magne- 
•  site  and  silica,  these  materials  are  seldom  used  in  furnaces  for  inter- 
mittent operation.    Carborundum  brick  has  been  used  in  roofs  and 

*iSt.  John,  H.  M.,  CommfTclal  tefiting  of  metallurgical  electric  furnaces,  Chem.  and 
Met.  Eng.,  vol.  21,  1919,  p.  388. 
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heating  troughs.  Its  heat  conductivity  is  rather  high  for  use  in  the 
body  of  the  furnace,  though  it  finds  some  use  for  that  purpose.  Car- 
borundum brick,  especially  the  bonded  type,  has  great  resistance  to 
spaliing  and  abrasion.  Hartmann  and  Kohler  *^  show  some  striking 
photographs  which  bring  out  clearly  the  superiority  of  such  brick, 
as  well  as  of  high-grade  fire  brick,  as  to  spaliing  on  cooling  rapidly 
from  1350^  C.  over  silica  or  magnesite  brick,  which  spall  very  badly. 

Chromite  brick  is  of  doubtful  value  in  the  furnaces  that  have  a 
strongly  reducing  atmosphere,  as  it  tends  to  be  reduced  into  ferro- 
chrome. 

Zirkite  brick,  made  from  crude  zirconia  ore,  is  tantalizingly  close 
to  being  a  valuable  refractory,  but  its  price  is  too  high  to  be  justified 
until  its  properties  are  improved.  When  pure  zirconia  refractories 
become  available  they  bid  fair  to  give  a  most  desirable  combination 
of  properties. 

Alundum,  or  electrically  fused  alumina  bricks,  also  have  possibili- 
ties, though  they  are  expensive  and  are  not  yet  developed  very  far 
except  for  laboratory  use. 

Alundum  cement,  however,  is  of  great  value  in  some  parts  of  some 
electric  brass  furnaces  because  of  its  combination  of  refractoriness, 
good  bonding  power,  and  its  ability  to  remain  an  electrical  insulator 
at  temperatures  at  which  other  refractories  become  conductors. 

Carborundum  and  alundum  are,  and  pure  zirconia  refractories 
probably  will  be,  themselves  electric  furnace  products. 

As  laboratory  experiments  and  still  more  important  plant  tests 
with  improved  refractories  proceed,  the  life  of  electric  furnace  lin- 
ings should  be  greatly  improved,  and  relining  costs  per  ton  lowered. 
It  is  also  hoped  that  a  lining  for  the  induction  type  can  be  found  to 
allow  that  type  to  handle  highly  leaded  alloys. 

The  makers  are  working  with  refractories  of  the  type  used  for 
making  graphite  crucibles,  with  some  hope  of  success. 

Small  amounts  of  heat  may  be  theoretically  saved  by  painting  the 
furnace  shells  with  aluminum  paint  or  even  by  nickel  plating  them, 
as  good  reflectors  lose  less  heat  than  dull  black  materials.  Such  a 
bright  finish  improves  the  appearance  of  a  furnace  and  probably 
saves  a  few  kw.  h.,  as  long  as  it  stays  bright,  which  is  seldom  very 
long  m  a  foundry. 

In  comparing  furnaces  on  the  data  so  far  available,  preparatory  to 
making  a  choice  for  installation  in  a  given  plant,  the  purchaser  must 
consider  the  ability  of  the  various  furnaces  to  meet  the  plant  condi- 
tions imposed,  and  the  suitability  of  the  furnaces  as  a  load  on  the 
generating  station  that  will  supply  the  power. 

MXiartmann,  M.  L.,  and  Kohler,  J.  F.,  Physical  characterlRtlcs  of  apeciallied  refirac* 
tories,  Trans.  Am.  Blectrochem.  8o€.»  toI.  37,  1020,  pp.  340,  355. 
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GEHTEAL  STATIOHB  ASH  THEIR  BELATIOIT  TO  THE  BRASS  IN- 

BirSTRT. 

Few  brass  foundries  or  small  rolling  mills  are  likely  to  extend  their 
own  generating  stations,  if  they  have  any,  but  are  mora  likely  to  buy 
their  furnace  power  from  a  central  station  when  they  install  electric 
furnaces.  Hence  the  interest  of  the  central  station  in  electric  brass 
furnaces  as  a  means  of  extending  their  service  is  and  should  be  keen. 
Not  a  little  of  the  progress  made  in  electric  brass  melting  so  far  is  due 
to  the  work  of  the  central  stations,  although  there  are  many  central 
stations  that  have  so  far  neglected  the  electric  furnace  as  a  load 
builder.  Generally,  however,  the  central  station  is  glad  to  cooperate 
with  the  foundry  and  to  have  its  engineers  aid  the  f oundrymen  in  the 
selection  of  a  suitable  furnace  and  in  its  proper  installation.^'^ 

A  wise  plan,  followed  by  the  more  progressive  stations,  is  to  assign 
an  engineer  or  group  of  engineers  to  specialization  on  electric  furnace 
problems  as  they  affect  the  central  station.  A  little  advice  given  by  an 
electrical  engineer  of  its  staff,  competent  to  handle  the  problems  put 
up  to  him  by  the  foundry,  may  result  in  the  connection  of  a  furnace 
or  group  of  furnaces  to  the  power  company's  lines,  aggregating  a 
kilowattage  that  it  would  take  a  good  many  installations  of  lights  and 
motors  to  equal,  and  giving  a  load  with  a  higher  load  factor  and 
greater  general  desirability  than  the  average  industrial  load. 

As  the  central  station  is  the  usual  source  of  power,  it  is  of  interest 
to  note  that  the  price  of  power  varies  with  the  amount  used,  so  that 
under  one  condition  the  cost  per  kw.  h.  may  be  very  different  from 
that  under  other  conditions  in  the  same  plant. 

TABIATIOir  IN  COST  OF  ELECTRIC  POWER. 

Industrial  power  contracts  usually  have  two  factors,  the  demand 
charge  and  the  energy  charge.  The  first  pays  the  power  company  for 
the  equipment  it  must  maintain  to  supply  the  maximum  power 
heeded ;  the  second  depends  on  the  total  amount  of  power  used. 

Suppose  we  have  a  maximum  demand  of  300  kw.  and  that  the 
average  power  consumption  per  ton  of  metal  is  335  kw.  h.  per  ton 
on  9-hour  operation,  275  on  18-hour,  and  250  on  24-hour;  the  total 
power  used  per  day  is  then  about  2,000,  3,565,  or  5,250  for  the  three 
cases.  In  a  25-day  month  this  means  60,000,  91,000,  130,000  kw.  h. 
per  month. 

Assume  that  the  plant,  before  it  installed  its  electric  furnace 
equipment,  had  a  maximum  demand  in  lights  and  motors  of  200 

*■  Compare  8t.  Jobn»  H.  M.,  Commercial  testing  of  metallurgical  electric  furnaces.  Chem. 
and  Met.  Eng.,  vol.  21,  1919,  p.  S77.  Editorial  articde,  Some  practdal  data  on  operating 
electric  brass  furnaces.  Elect.  Rev.,  vol.  70,  1920,  p.  216.  Wilcox,  E.  A.,  Electric  furnace 
power  from  the  standpoint  of  the  central  station.  Trans.  Am.  Electrochem.  Soc,  vol.  37, 
1020,  p.  689.  Smith,  A.  C,  The  electric-arc  melting  furnace  and  the  central  station  elec- 
tric company,  Trans.  Am.  Electrochem.  Soc,  vol.  87,  1920,  p.  701. 
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kw.,  and  use  20/XX)  kw.  h.  per  month  for  those  pnrposeB.  Taking  a 
concrete  case  where  the  power  contract  calls  for  a  demand  charge  of 
$1.80  per  kw.  per  month  for  the  first  50  kw.  and  $1  per  kw.  per 
month  for  all  over  50  kw.,  the  energy  charge  schedule  is:  2,500  kw.  h. 
per  month  at  2  cents  per  kw.  h. ;  for  the  next,  3,500  kw.  h.  per  month 
at  0.8  cent  per  kw.  h. ;  for  the  next,  310,000  kw.  h.  per  month  at  0.5 
cent  per  kw.  h. ;  all  over  347,500  kw.  h.  per  month  at  0.4  cent  per 
kw.  h. 

The  200-kw.,  20,000-kw.  h.  lighting  and  motor  power  cost   as 
follows : 

50X$1.50=$75.00  2,500X$0.02  =$50.00 

150X  1.00=150.00  17,500X  0.006=^140.00 


225. 00  Demand.  190. 00  Energy  charge. 

Total,  $415  or  2.07^  cents  per  kw.  h.  used. 

The  plant  now  has  500  kw.  maYinmm  demand  and  70.000,  111/)00,  150,000 

kw.  h.  used  per  month  on  three  assumptions. 

50X$1.50=$75.00 
450X  1.00=450.00 


525. 00  Demand. 

Energy— Case  1 2,500X$0.02  =$50.00 

35, 000  X  0.008=280.00 
32,  500  X  0.005=102.60 


70, 000  402.  50  Energy. 

525. 00  Demand. 


1, 017. 50  Total  charge. 
Less    415.00  Previous  charge  fior  liglits  and 

motors. 


602. 50  Total   charge  for  electric   fur- 
nace power. 


$002.50 


-=1.205 


50,000 
The  electric  furnace  power  costs  1.205  cents  per  kw.  b. 

Case  2.  There  is  the  same  demand  charge,  but  the  energy  charge 

2,500X$0.02  =  $50.00 
a^OOOX  0.008=  280.00 
73,500X  0.005=  307.50 


HI,  000  607. 50  Energy. 

525. 00  Demand. 


1, 222. 50  TotaL 
Leas      415.00  Lights  and  motors. 


807.50  Total  charge  for  furnace  power. 
807.60 

^«=0.89 

91.000 
The  furnace  power  costs  0.80  cent  per  kw.  h. 
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Cases 


2.500X$0.02  = 

35,000X  0.008= 
112,500X  0.005- 

$50.00 
280.00 
562.50 

150,000 

892. 50  Energy. 
525. 00  Demand. 

9 

Lees 

1, 417. 50  Total. 
415.00  Lights  and  motors 

1, 002. 50  Total  change  for  furnace  power. 


1,002.50 


-^0. 79. 


130,000 

The  furnace  power  costs  0.79  cent  per  kw.  h. 

Case  4.  If  the  plant  had  three  times  the  furnace  Installation  figured  above  and 
used  it  24  hours  a  day,  or  900-kw.  furnace  demand  (1,100  kw.  total) ;  450,000 
kw.  h.  per  month  furnace  energy  (470,000  total) ,  the  charge  would  figure : 
50  X  $1.50=    $75.00  $2, 870. 00  Energy. 

1,050X  1.00  =1,050.00  1,125.00 


1, 125. 00  Demand  3, 495. 00  Total. 
2,500X  0.02  =      50.  00  Less  415.00  Lights  and  motors. 

35,O0OX  0.008=     280.00  

310, 000  X  0. 005=1, 550. 00  3, 080. 00  Total  for  furnace  power. 

122.500X  0.004=    490.00 

470,000 

/ 

2, 370. 00  Energy. 

8,080.00 

=0.685 

4,500.00 

The  electric  furnace  power  costs  0.685  cent  per  kw.  h. 

Tabulating  these  we  get : 

Case  No 1  2  S  4 

Hours 9  18  24  2i 

Number  of  furnaces 1113 

Kw.  h.  per  ton 335  275  250  250 

Power  price,  cents  per  kw.  h 1. 205  0. 89  0. 79  0. 685 

Cost  per  ton  for  power $3. 92  $2. 45  $1. 98  $1. 71 

This  table  shows  the  advantage  of  continuous  operation  of  electric 
furnaces,  as  well  as  that  of  large  installations.  The  exact  figures  will 
vary  in  each  particular  case,  but  the  ratios  will  remain  approximately 
the  same. 

The  methods  of  determining  the  maxunum  demand  vary  in  differ- 
ent localitie&  Often  there  is  a  penalty,  a  higher  demand  charge  if 
the  power  factor,  is  below  a  certain  figure,  usually  70  per  cent,  and 
sometimes  a  premium  if  it  is  over  a  certain  figure.  The  methods  of 
determining  the  power  factor,  for  rate-making  purposes,  may  also 
vary. 
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It  is  sometimes  possible  to  obtain  a  lower  rate  by  buying  ''off- 
peak"  power;  that  is,  by  taking  power  at  any  time  save  for  two  or 
three  hours  per  day  when  the  power  house  has  its  heaviest  load«  By 
suitably  arranging  the  melting  schedule,  a  foundry  could  sometimes 
profit  by  this  fact.  The  peak-load  hours  are  different  with  different 
central  stations. 

Variations  in  the  cost  of  coal  to  the  power  plant  are  sometimes  a 
factor  in  the  rates  paid  by  the  user  as  well  as  in  the  costs  of  the 
central  station.  The  schedule  of  rates  should  be  carefully  studied 
and  analyzed  before  choosing  a  furnace  and  in  determining,  the  best 
operating  schedule  when  it  is  installed. 

When  electricity  is  generated  by  water  power,  it  is  bought  under 
schedules  somewhat  similar  to  those  on  which  steam-generated  power 
is  bought,  but  the  demand  charge  is  usually  almost  all-important 
while  the  energy  charge  is  relatively  small.  That  is,  if  one's  maxi- 
mum demand  is  1,000  kw.  it  costs  nearly  as  much  for  power  to  let 
the  plant  lie  idle  and  use  no  power  at  all  as  it  does  to  use  1,000  kw. 
24  hours  a  day.  The  electrochemical  manufacturers  at  Niagara  Falls, 
for  example,  strive  to  keep  their  average  demand  jost  as  dose  to  fhe 
maximum  demand  as  possible  every  minute. 

The  cost  of  hydroelectric  power  in  this  country,  to  large  users  who 
operate  24  hours  a  day,  365  days  a  year,  as  many  of  the  electrochem- 
ical industries  at  Niagara  Falls  and  other  similar  centers,  will  prob- 
ably vary  from  $20,  perhaps  less,  to  $40  per  kw.  year. 

Suppose  a  plant  pays  $25  per  kw.  year  and  has  a  transformer  capac- 
ity of  10,000  kw.  It  then  pays  $250,000  per  year  for  its  power,  whether 
at  any  time  it  is  using  the  whole  10,000  or  none  at  all. 

The  ratio  of  the  average  load  in  kw.  to  the  kw.  capacity  of  the  plant 
is  called  the  "  load  factor."  If  a  10,000-kw.  plant  averages  only  5,000 
kw.  actual  load,  its  load  factor  is  50  per  cent  and  its  power  cost,  when 
paid  for  on  a  kw.-year  basis,  is  twice  as  much  per  kw.  h.  actually  used 
as  it  would  be  at  100  per  cent  load  factor.  The  load  factor,  therefore, 
is  a  most  important  consideration  to  electrochemical  plants  continu- 
ously operating.  The  load  factor  also  plays  a  part,  though  not  nearly 
so  great  a  part,  in  the  ratio  of  the  ''  demand  "  and  ''  energy  "  charges 
of  the  power  bill  for  steam-generated  electric  power  bought  by  the 
small  user  on  a  kw.-h.  basis.  These  points  are  discussed  by  a  number 
of  writers.** 

**  Stelnmctz,  C.  P.,  Cbancterlstioi  of  eleetrical  eBergy  as  affecting  chanlcsl  Indnstrtea, 
Trani.  Am.  Electrocbem.  Soc.,  toI.  25,  1914,  p.  29.  SoUiman,  P.  W.,  Notes  on  power 
tranmnlflilon  and  transmlMlon  economics,  lYans.  Am.  Blectrochem.  Soc.,  rol.  25,  p.  42, 
1914.  FtUj^erald,  P.  A.  J.,  Some  economies  In  the  use  of  energy  for  electric  fornaces. 
Trans.  Am.  Electrocbem.  Soc,  vol.  25,  1914,  p.  53.  Horry,  W.  8.,  Power  for  electric  tar- 
nace  work.  Trans.  Am.  Blectrocbem.  Soc..  vol.  25,  1914,  p.  59.  Longwell,  H.  B-, 
Powi»r  problem  in  tbe  electrolytic  deposition  of  metals,  Trans.  Am.  Electrocbem.  Soc., 
irol.  25,  1914,  p.  73.     Newberry,  F.  D.,  Sources  of  direct  current  f9r  electrocbemical 
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Since,  on  the  ordinary  price  schedule  for  steam  power,  the  more 
power  is  used  the  lower  the  rate  becomes,  so  that  an  extra  furnace 
load  added  to  an  existing  one  really  uses  less  expensive  power  than 
the  earlier  installation  used,  it  is  plain  that  firms  who  melt  both 
steel  and  brass  and  already  use  electric  steel  furnaces,  are  in  a  favor- 
able position  to  melt  their  brass  electrically  at  low  cost.  Similarly, 
after  a  brass  and  aluminum  foundry  has  turned  completely  to  elec- 
tric brass  melting,  the  price  of  the  extra  power  needed  to  melt  also 
its  aluminum  electrically  may  be  low  enough  that  the  electric  melt- 
ing of  aluminum  may  be  more  attractive  than  otherwise. 

Berlin,'^  has  discussed  fully  the  various  factors  entering  into  rate 
schedules.  He  considers  the  problem  of  tandem  operation  of  two 
furnaces,  in  order  to  decrease  the  maximum  demand,  one  furnace 
being  poured  and  charged  while  the  other  is  melting,  so  that  power 
is  only  on  one  furnace  at  one  time.  He  concludes  that  it  will  not 
pay  on  steel  furnaces.  It  is  possible,  however,  that  it  might  pay  on 
brass  furnaces.  One  refining  plant  operating  24  hours  per  day  plans 
to  try  running  two  1-ton  rocking  furnaces  in  this  way.  Since  a  1-ton 
brass  furnace  only  has  to  melt  about  an  hour  per  heat,  and  it  usually 
takes  half  an  hour  to  charge  and  pour,  two  furnaces  thus  run  would 
produce  24  tons  per  day  instead  of  30  to  32  tons.  The  power  cost 
per  ton  will  probably  not.be  materially  different  from  that  under 
unrestricted  use  of  both  furnaces.  As  only  one  transformer  will  be 
needed,  the  first  cost  of  the  equipment  would  be  somewhat  decreased 
though  not  in  respect  to  output.  The  labor  cost  is  expected  to  be 
decreased.  Whether  this  will  pay  or  not  can  only  be  told  by  trial. 
It  would  certainly  not  pay  on  other  than  24-hour  operation. 

In  order  to  fit  the  operation  of  the  furnace  to  the  particular 
schedule  on  which  power  is  bought,  in  order  to  secure  power  at 
the  lowest  cost  per  ton  of  product  and  to  operate  it  to  the  best 
advantage,  the  behavior  of  the  furnace  under  different  operating 
conditions  must  be  accurately  known  and  is  best  determined  by 
thorough  tests. 

TESTOra  ELECTBIC  FITBNACES. 

A  complete  test  of  an  electric  furnace  is  as  important  a  matter  to 
the  foundry  as  a  complete  boiler  test  is  to  a  power  plant.  By  such  a 
test  the  possibilities  and  limitations  of  the  furnace  may  become  very 
much  clearer  and  better  understood. 

procesfles.  Trans.  Am.  Electrochem.  Soc,  vol.  25,  1014,  p.  85.  Turnbnll,  R.,  Electric  far- 
nace  regnlators.  Trans.  Am.  Electrochem.  Soc.,  toI.  25,  1914,  p.  07.  Discussion  on  all 
of  the  above,  Trans.,  Am.  Electrochem.  Soc,  vol.  25,  1014,  p.  106.  Lyon,  D.  A.,  and 
Keeney,  B.  M.,  Blectrometallnr^cal  Industries  as  possible  consumers  of  electric  power. 
Trans.  Am.  Electrochem.  Soc,  vol.  28.  1016,  p.  189.  Beckman,  J.  W.,  The  electrochemical 
possibilities  of  the  Pacific  Coast,  Trans.  Am.  Electrochem.  Soc,  vol.  28,  1016,  p,  169. 

"  Berlin,  W.  G.,  Power  problems  from  the  standpoint  of  the  furnace  operator,  Trans. 
Am.  Electrochem.  Soc.,  vol.  37,  1920,  p.  867, 
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The  test  resembles  a  l)oiler  test  in  many  ways,  but  it  may  be  even 
more  intricate  and  requires  fully  as  much  care.  A  few  plants  have 
made  such  thorough  tests  which  show  the  complete  distribatdon  of 
the  energy  delivered  and  trace  completely  the  losses  of  each  com- 
ponent of  the  alloys  melted.  The  tests  gave  information  of  value  in 
showing  how  to  operate  and  to  control  the  furnace  in  regular  practice. 

St..  John  ^^  has  given  a  complete  and  useful  outline  of  the  way 
such  tests  should  be  conducted.  The  reader  is  referred  to  his  article 
for  full  information.    A  few  points,  however,  will  be  mmtioned. 

The  energy  required  to  melt  a  given  charge  depends  first  of  all 
on  the  specific  heat  and  heat  of  fusion  of  the  mixture,'*  on  its  melt- 
ing point,  and  how  far  above  the  melting  point  the  metal  has  to  be 
heated.  Nd  one  would  expect  to  melt  Monel  metal  with  as  little 
energy  as  is  required  for  yellow  brass.  The  nature  of  the  charge 
also  has  an  effect.  Neither  all  large  ingot  nor  all  fine  borings  will 
melt  as  quickly  and  easily  as  a  judiciously  chosen  mixture  of  light 
and  heavy  material. 

The  presence  of  nonmetallic  material,  such  as  sand  on  gates,  may 
make  a  great  difference  in  the  performance  of  the  furnace,  as  it 
may  leave  a  layer  of  dross  or  slag  over  the  metal,  which  in  many 
types  of  furnaces  baffles  the  flow  of  heat  to  the  metal  and  requires 
more  time  and  more  energy  to  finish  the  heat.  Large  amounts  of  oil 
make  it  impossible  to  close  the  furnace  tightly  until  it  is  distilled 
off,  and  the  soot  from  its  decomposition  blankets  the  dhai^. 

Hence  one  plant  melting  a  charge  of  dirty  borings  and  sandy 
gates,  another  one  of  large  clean  ingot,  and  a  third  one  of  medium- 
sized  scrap,  may  for  an  alloy  of  exactly  the  same  composition  in  the 
same  type  of  furnace  require  quite  different  amounts  of  ener^gy. 
Figures  for  power  Qonsumption,  therefore,  should  be  accompanied 
by  a  description  of  the  charge. 

The  pouring  temperature  is  also  important  One  may  cast 
phosphor  bronze  into  very  large  gears  or  into  ingots  at  not  much 
more  than  50°  F.  above  its  melting  point,  or  one  may  cast  it  into  small 
bearings,  many  on  a  gate,  at  550°  F.  above  its  melting  point.  Smaller 
variations  are  met  on  other  alloys,  but  a  smelting  and  refining  plant 
making  ingots  only,  and  a  foundry  making  tiny  saddlery  hardware 
or  lock  parts,  will  pour  their  metal  at  widely  differing  temperatures. 

•St.  John,  H.  M.,  rommerclal  testing  of  metalluticlcal  electric  famaces,  Chem.  and 
Met.  Eng.,  vol.  21,  1919,  p.  377. 

"Compare  Richarda,  J.  W.,  The  electric  power  required  to  melt  metals,  Tr&na.  Am. 
Brara  Founders'  Assn.,  vol.  4,  1910,  p.  95.  Clamer,  Q.  H.,  and  Herlng,  C,  The  electric 
furnace  for  brass  melting.  Trans.  Am.  Inst.  Metals,  rol.  6,  1912,  p.  95.  Hansen,  C  A^ 
Electric  melting  of  copper  and  brass,  Trans.  Am.  Inst.  Metals,  vol.  A,  1912,  p.  110. 
Gillett,  H.  W.,  and  Norton,  A.  B.,  Approximate  melting  points  of  some  commercial  cop- 
per alloys.  Tech.  Paper  60,  Bureau  of  Mines,  1918,  10  pp. 
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Thornton  and  Hartley*^  calculate  that  heating  brass  to  1,100°  C. 
would  increase  the  gas  consumption  in  a  gas-fired  furnace  20  per 
cent  over  that  required  to  heat  it  to  1,000°  C.  Determination  of  the 
pouring  temperature  is  essential  in  •comparing  the  performance  of 
different  furnaces  on  the  same  alloy  or  the  same  furnace  on  different 
alloys. 

Pyrometers  for  this  purpose  are  now  available  *^  and  one  should  be 
used  in  every  electric  brass  furnace  test  of  any  pretensions  to  ac- 
curacy and  completeness. 

METES8  AND  BEC0BD8. 

It  is  so  easy  to  measure  everything  one  wishes  to  know  about  the 
electric  power  used  in  a  furnace  that  there  is  little  excuse  for  incom- 
plete tests.  Every  furnace  should  have  at  least  its  individual  kw. 
meter  to  show  the  rate  at  which  the  furnace  is  taking  power  at  any 
moment,  and  its  own  kw.  h.  meter,  readable  to  1  kw.  h.  The  latter 
is  sometimes  left  out  of  the  equipment  to  save  its  cost,  as  the  central 
station's  kw.-h.  meter,  on  which  the  power  bills  are  calculated,  is 
supposed  to  take  its  place.  But  this  is  poor  economy,  for  without  a 
kw.  h.  meter  on  each  furnace  one  can  not  know  just  how  much  energy 
the  furnace  has  used  in  a  given  period  unless  no  other  load  is  metered 
by  the  same  meter.  Unless  a  kw.-h.  meter  is  provided  for  each 
furnace,  and  located  on  the  furnace  switchboard,  the  furnace  has  to 
be  controlled  on  a  time  basis,  or  by  opening  it  and  estimating  the 
temperature  of  the  melt.  In  most  cases  far  better  control  is  obtained 
by  running  on  a  kw.-h.  schedule  that  has  been  worked  out  on  the 
basis  of  experience,  very  close  temperature  control  being  possible  on 
24-hour  operation,  and  very  good  approximations  on  single-shift 
operation. 

With  the  induction  furnace  an  ammeter  may  be  substituted  for  the 
kw.  meter,  but  the  individual  kw.-h.  meter  should  be  used  in  that 
case  also.  On  many  types  of  furnaces  a  voltmeter  and  an  ammeter 
for  each  phase  are  also  required,  and  a  direct-arc  furnace  might  well 
use  power-factor  meters  also.  Graphic  meters  are  of  value  for  per- 
manent records. 

The  electric  furnace,  due  to  the  ease  of  metering,  offers,  as  Miller  ** 
points  out,  every  opportunity  for  the  easy  recording  of  operating 
data,  so  that  if  the  furnace  falls  behind  its  standard  performance  for 

« Thornton,  H.  M.,  and  Hartley,  H.,  Metal  melting,  Jour.  Inst.  Metals  (British),  vol. 
17.  1917.  p.  217. 

*>  Compare  Glllett,  H.  W..  Pyrometers  for  molten  brass  and  bronze.  Trans.  Am.  Inst. 
Metals,  vol.  8,  1914,  p.  340.  Editorial,  Pyrometers  for  brass  and  bronze  makers,  Chem. 
and  M«t.  Engr..  vol.  21,  1919.  p.  114.  KInnlson,  C  8..  An  alloy  which  resists  molten 
brass  and  bronze,  Chem.  and  Met.  Eng.,  vol.  21,  1919,  p.  608. 

^  Miller,  D.  D.,  Electric  furnace  for  heating  nonferrous  metals.  Jour.  Am.  Inst.  Metals, 
vol.  11,  1917,  p.  271. 
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even  a  single  heat  the  cause  can  be  sought,  found,  and  remedied  more 
easily  than  with  most  fuel-fired  furnaces. 

HETAL  LOSS  TESXS  AlTD  CALCULATIOirS. 

Metal  loss  is  perhaps  the  most  difficult  thing  to  ascertain  in  testing 
any  brass  furnace,  in  making  records  of  its  operation,  or  in  calcu- 
lating its  money  value  as  an  item  in  melting  costs. 

In  testing  the  furnace  itself  the  important  points  are  the  primary 
recovery,  the  percentage  of  the  total  weight  of  metal  charged  that  is 
obtained  in  the  ladle,  the  secondary  recovery  from  the  slag  or  dross, 
and  the  net  loss.  Also,  how  does  the  value  of  the  primary  recovery, 
the  secondary  recovery,  and  the  net  loss  compare  with  that  of  the 
original  charge? 

For  a  complete  answer  both  the  total  weight  and  the  composition 
of  the  original  charge,  the  metal  in  the  ladle,  and  the  amount  of  the 
secondary  metal  recovered  must  be  known  in  order  that  the  net  loss — 
the  metal  which  is  gone  and  can  neither  be  weighed  nor  analyzed — 
may  be  known  accurately. 

Various  conditions  often  make  it  hard  to  attain  the  desired  accu- 
racy. If  the  charge  contains  sandy  gates  or  oily,  dirty  borings  it  is 
difficult  to  be  sure  that  a  sample  of  either  used  for  the  determination 
of  the  nonmetallic  materials  is  representative,  and  such  a  determina- 
tion is  often  only  an  approximation. 

On  a  hearth-type  furnace  one  has  to  contend  with  an  absorption 
of  metal,  often  a  preferential  one  as  to  lead,  for  example,  in  a  fresh 
hearth.  There  is  sometimes  slight  retention  of  metal  in  .the  hearth 
from  heat  to  heat,  requiring  great  pains  in  scraping  out  the  furnace 
and  taking  up  time  that  would  not  normally  have  to  be  taken 
when  making  successive  heats  on  the  same  alloy.  Extra  pains  to  get 
accurate  figures  on  metal  loss  may  thus  delay  the  operation  of  the 
furnace  and  influence  its  production  and  power  consumption  figures, 
thus  sacrificing  accuracy  on  that  part  of  the  test.  To  get  really 
accurate  figures,  a  metal  loss  test  on  a  hearth  type  furnace  should 
extend  over  a  considerable  number  of  heats. 

All  spill  and  spatter  in  pouring  must  be  collected  and  weighed  up 
for  each  heat.  When  the  metal  is  in  the  ladle  the  question  arises  as 
to  how  it  should  be  weighed,  whether  by  diflFerence  between  weights 
of  empty  and  full  ladle,**  which  involves  inaccuracy  in  the  weighing 
of  hot  objects  and  requires  care  lest  slag,  dross,  and  skulls  be  weighed 
as  something  they  are  not,  by  pouring  into  ingots  and  weiring  those 
plus  the  pouring  spill  and  spatter,  which  means  that  in  a  sand-cast- 
ings shop  the  metal  can  not  go  into  regular  production,  or  by  weigh- 
ing as  castings,  in  which  case  difficulties  arise  due  to  the  necessity 

**  Compare  Tonkin,  E.,  Stand  for  checking  melting  losses,  Foundry,  vol.  45.  1917,  p.  20. 
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for  keeping  all  the  castings,  gate,  spill,  and  overmetal  from  a  heat 
together,  and  to  the  presence  of  adhering  molding  and  core  sand  if 
the  rough  castings  are  weighed  or  to  the  loss  of  metal  in  cleaning  up 
if  the  cleaned  castings  and  gates  are  weighed. 

Metal  loss  figures  obtained  by  comparing  metal  bought  with  pro- 
duct shipped,  though  valuable  for  cost  accounting,  do  not  show  fur- 
nace performance,  for  they  include  the  remelting  of  gates  and  defec- 
tive castings.^^ 

Pouring  into  ingots  undoubtedly  gives  the  most  accurate  figure. 

Some  people,  like  Collins,^^  prefer  to  calculate  their  metal  losses 
from  chemical  analysis.  Such  calculation  is  a  useful  check  when 
analysis  is  to  be  made  anyway,  but  it  is  cheaper,  and  in  general,  far 
more  accurate,  to  weigh  in  the  ladle  than  to  analyze.  Particularly 
with  furnaces  that  do  not  mix  the  metal  automatically,  calculation 
from  analysis  is  unsafe,  as  there  is  danger  of  segregation  in  the 
molten  metal.  Added  to  that  is  the  possibility  of  further  segregation 
in  the  solid  metal  with  attendant  possibility  of  nonrepresentative 
sampling.  On  top  of  these  is  the  inaccuracy  of  chemical  analysis; 
it  takes  only  a  difference  within  the  ordinary  analytical  limits  of 
error  to  calculate  to  a  material  difference  in  weight.  St.  John^* 
points  this  out  and  shows  that  though  chemical  analysis  is  useful  in 
checking  up  the  value  of  the  lost  metal,  to  calculate  metal  losses 
wholly  on  analysis  involves  the  fallacy  that  none  of  the  element  used 
as  a  basis  for  the  calculation,  usually  copper,  is  lost ;  the  fact  is,  some 
copper  is  really  lost  by  oxidation  and  slagging.  This  loss  may  be 
very  little  in  an  electric  furnace,  but  it  may  be  greater  in  an  open- 
flame  oil  furnace  with  which  the  electric  is  being  compared  as  to 
metal  losses. 

This  whole  matter  has  been  rather  thoroughly  discussed,*^  and  it 
has  been  shown  that  while  some  mills  charge  up  metal  loss  as  having 
the  same  value  per  pound  as  the  charge,  and  others  charge  it  up  at 
the  value  of  zinc  only,  neither  is  correct,  the  lost  material  being  made 
up  of  all  the  constituents  of  the  alloy,  with  the  more  volatile  ones 
preponderating. 

The  volatilization  loss  in  a  fuel-fired  furnace  is  largely  zinc  and 
lead  and  could  be  mostly  made  up  by  the  addition  of  more  zinc  and 
lead.  It  is  not  fair  to  the  fuel-fired  furnace,  therefore,  to  charge  it 
with  the  full  price  of  the  alloy.    Neither  is  it  fair  to  the  electric  f ur- 

^ Compare  Walter,  C.  M.,  Metal  melting  by  high  pressure  gas:  Jour.  Tnst.  Metals 
(BrtUsb),  vol.  17,  1917,  p.  197. 

'ColllBS,  E.  F.,  Melting  aoixie  nonferrons  metals  and  their  alloys  in  the  electric  fur- 
nace :  Jour.  Cleveland  Eng.  Soc,  vol.  11. 1919,  p.  311. 

^  St.  John,  H.  M.,  Commercial  testing  of  metallurgical  electric  furnaces,  Cbem.  and 
Met  Bug.,  vol.  21,  1919,  p.  384. 

''Discussion  on  paper  by  Quenther,  B.  B.,  Use  of  producer  gas  for  melting  yellow 
brass :  Trans.  Anu  Inst,  Metals,  vol.  8,  1914,  p.  820. 
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nace  to  assume  that  all  the  metal  saving  it  shows  over  the  fuel-fired 
furnace  is  cheap  zinc  and  lead,  when  some  of  it  may  be  copper  and 
tin. 

Complete  data  on  losses  by  weight  and  on  the  composition  of  the 
lost  metal  must  be  obtained  if  the  figures  on  the  value  of  the  metal  lost 
or  saved  are  to  be  truly  accurate. 

In  considering  the  metal  savings  of  the  electric  furnace  one  must 
take  into  account  the  fact  that  not  only  is  the  net  loss  usually  re- 
duced, but  the  gross  loss  is  also  generally  reduced.  In  fuel-fired  prac- 
tice metal  spilled  into  the  ashes  or  running  out  of  a  pot  broken  in 
the  fire  and  that  entrained  in  the  heavy  slag  of  most  open-flame  oil 
furnaces  has  to  be  recovered.  This  metal  must  be  charged  with  the 
cost  of  its  recovery  and  of  its  remelting  if  it  is  pure  enough  to  be 
remelted  direct,  and  must  be  charged  with  the  cost  of  the  bad  effect 
of  any  harmful  impurities  it  picks  up. 

If  it  is  not  suitable  for  remelting,  but  must  be  refined  after  its 
recovery  and  concentration,  it  must  bear  the  refining  charge.  In 
this  last  case  often  the  only  metal  recovered  after  refining  is  a  low- 
grade  copper,  all  the  other  metals  having  been  lost 

One  brass  mill  on  a  run  of  14^  tons  of  68  per  cent  copper,  32  per 
cent  zinc  in  pit  fires,  had  a  gross  loss  of  4.5  per  cent,  recovered  3.1 
per  cent  from  the  ashes,  giving  a  net  loss  of  1.4  per  cent.  This  run 
was  made  in  1917  when  metals  were  very  high,  copper  being  figured 
at  30  cents  and  zinc  at  14  cents,  making  a  pound  of  the  brass  cost  24.9 
cents  for  its  contained  metal.  The  3.1  per  cent  of  recovered  metal 
was  valued  by  this  mill  at  this  time  at  only  16  cents  per  pound,  after 
paying  recovery  charges,  so  that  the  drop  in  value  was  7.9  cents  per 
pound,  or  24.5  cents  per  100  pounds  melted, 

The  money  loss  from  the  deterioration  and  cost  of  recovery  of  the 
recovered  metal  was,  then,  greater  than  the  value  of  the  net  loss  taken 
as  all  zinc,  and  70  per  cent  as  much  as  the  value  of  the  net  loss  if 
this  were  taken  as  c(»nposed  of  the  same  proportion  of  copper  and 
zinc  as  the  alloy  itself. 

Several  other  mills  operating  crucible  fires  on  yellow  brass  calcu- 
late that  in  coke- furnace  practice  1-^  per  cent  of  the  charge  is  spilled 
into  the  ashes,  and  of  this  60  per  cent  is  recovered — that  is,  0.9  per 
cent  of  the  original  charge  is  recovered  and  0.6  per  cent  is  lost. 
This  0.9  per  cent  recovered  is  said  to  be  worth  only  75  per  cent  of  the 
value  of  its  copper  content  and,  besides,  must  be  charged  with  the  cost 
of  its  recovery. 

On  the  basis  of  the  value  of  the  liquid  metal  obtained  ready  to  pour, 
the  electric  furnace  generally  shows  as  much  money  saving  due  to 
its  lower  gross  loss  as  it  does  due  to  its  lower  net  loss.  Both  savings 
effect  real  conservation. 
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ELECTBIC  BKAS6  FUBITACES  AS  A  FACTOA  IN  NATIONAL  CON- 
SERVATION. 

There  are  many  points  in  which  electric  brass  melting  deserves  con- 
sideration as  a  factor  in  national  conservation,  and  it  is  its  im- 
portance as  such  a  factor  which  has  drawn  and  held  the  attention  of 
the  Bureau  of  Mines  to  the  general  problem. 

METAL  SAVINGS. 

As  has  been  shown  above,  the  electric  furnace  effects  material 
saving  of  the  metals  melted,  both  by  reduction  of  the  net  loss  and 
of  the  gross  loss.  The  possible  saving,  when  the  brass  industry 
adopts  electric  melting  as  the  standard  method,  will  be  well  worth 
while,  even  though  the  country's  resources  are  large  in  all  the  metals, 
except  tin,  that  enter  into  brass  and  bronze.  The  labor  and  the  trans- 
portation facilities  required  for  the  production  of  some  6,000  tons  of 
metal  that  could  be  saved  by  electric  melting  could  then  be  applied  to 
other  needs. 

SAVING  OF  CBUCIBLES. 

The  avoidance  of  crucibles  not  only  cuts  out  a  large  item  of  expense 
but  helps  to  make  the  United  States  independent  of  Ceylon  graphite 
and  Elingenberg  clay,  the  shortage  in  which  was  so  acute  during  the 
war  that  the  Bureau  of  Mines  took  up  the  study  of  the  domestic 
supply  of  crucible  graphite  and  clays.*'  The  carbon  and  graphite 
electrodes  and  other  furnace  parts  required  are  made  from  domestic 
sources,  as  graphite  electrodes  are  best  made  of  artificial  graphite, 
itself  an  electric  furnace  product. 

SAVINGS  IN  IJLBOB  AND  HEALTH. 

The  reduction  of  the  amount  and  severity  of  the  labor  required  and 
the  improvement  in  the  health  and  safety  of  workmen  due  to  the 
comparative  coolness  and  freedom  from  deleterious  fumes  and  to  a 
reduction  in  the  hazard  of  bums  are  as  truly  conservation  as  are  the 
more  material  factors. 

SUBSTITUTION  OF  FUELS. 

It  is  in  its  bearing  on  that  part  of  the  conservation  problem  relating 
to  fuel  that  the  electric  brass  furnace  is  perhaps  of  the  greatest  ulti- 
mate importance. 

Even  under  existing  conditions,  for  the  electric  furnace  to  use 
steam-generated  power  helps  the  fuel  situation  to  some  degree,  as  it 
allows  the  substitution  of  bituminous  coal,  burned  in  the  power  plant, 
for  coke,  anthracite  coal,  or  fuel  oil,  burned  direct  at  the  foundry  in 

*•  See  White,  F.  B.,  Principal  Inveetigations  of  the  Bureau  of  Mines,  Mimeographed  re- 
port, June,  1919,  pp.  14-26. 
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fuel-fired  furnaces.  It  is  true  that  in  present  steam-plant  practice 
the  by-products  of  bituminous  coal  useful  for  dyes,  explosives,  and 
fertilizers  are  not  recovered ;  but,  as  Eideal  ^*  points  out,  these  can  be 
saved  if  the  steam  plant  goes  through  the  producer-gas  step  and 
enters  the  by-product  chemical  industry. 

This  question,  however,  has  been  investigated  by  the  British  Mini3* 
try  of  Munitions,*^^  and  the  conclusion  is  reached  that  imder  present 
British  conditions  by-product  recovery  is  not  economical. 

At  any  rate,  there  is  a  saving  in  distribution  between  the  shipment 
of  coal  to  a  large  central  station  and  the  distribution  thence  of  elec- 
tric power  to  foundries,  over  the  shipment  of  foundry  fuel  to  each 
foundry,  with  the  trackage,  switching  equipment,  and  tying  up  of 
rolling  stock  involved. 

SUBSTITUTION  OF  OIL. 

Of  real  importance  is  the  substitution  of  steam-generated  electric 
power  for  direct  oil-fired  furnaces.  Great  as  are  our  oil  resources 
they  are  all  too  small  for  the  imminent  future  demands  upon  them 
for  gasoline,  lubricants,  and  especially  for  fuel  for  the  Navy  and 
merchant  marine.  The  oil-burning  ship,  whether  it  bums  oil  to  raise 
steam  or  uses  it  in  Diesel-type  engines,  is  the  modem  ship.  The 
Navy  must  have  oil  and  the  merchant  marine  should  have  it.  Just  as 
the  electrification  of  railways  could  reduce  the  need  for  the  oil-burn- 
ing locomotive,  so  the  electrification  of  brass  furnaces  could  cut  down 
the  need  for  oil-fired  furnaces. 

Folsom  ^^  points  out  that  to  supply  our  new  merchant  fleet  it  is 
imperative  that  the  consumption  of  oil  on  land  be  reduced. 

The  Director  of  the  United  States  Geological  Survey  says :  ** 

The  position  of  the  United  States  in  regard  to  oil  can  best  be  characterized  as 
precarious.  *  *  *  The  new  demand  of  our  shipping  program  alone  Involves 
fuel  oil  in  quantities  equivalent  to  nearly  one-half  of  the  present  domestic  out- 
put.   A  country-wide  thrift  campaign  needs  to  be  waged.    ♦    •    • 

The  last  100  years  has  resulted  only  in  the  exhaustion  of  less  than  1  per  cent 
of  the  country's  coal  resources,  while  In  the  60  years  since  our  oil  production 
began  40  per  cent  of  the  available  oil  has  been  brought  to  the  surface  and 
consumed. 

The  former  Director  of  the  Bureau  of  Mines  '*  also  pointed  out  the 
seriousness  of  the  domestic  oil  situation. 


•Ridoal,  B.  K.,  Industrial  electrometallurgy,  1919,  p.  19. 

"0  Report  to  British  Ministry  of  Munitions,  Direct  firing  and  by-pro^ct  power  produc- 
tion, Iron  Ape,  vol.  105.   1920,  p.  1234. 

"  Folsom.  D.  U,  Fuel  oil  for  ships  after  the  war,  Am.  Inst.  Mining  Eng.,  Bull.  144. 
December,  1918,  p.  zvi.  Rear  Admli'al  Dumas,  British  Navy,  quoted  in  ESug.  Mln.  Jour., 
vol.  104,  1920,  p.  249. 

"  Smith.  O.  G..  A  foreign  oil  supply  for  the  United  States,  Mining  and  MetaUurgy, 
No.  157,  January,  1920,  nee.  4. 

>>  Manning,  Van  11.,  International  aspects  of  petroleum  industry.  Mining  and  Metal- 
lurgy, No.  158,  February.  1920,  sec.  24. 


EIJ:CTBIC  FUBNAOES  AITD  NATIONAL  CONSERVATION.  S09 

A  careful  analysis  of  the  situation  has  been  made  by  Gilbert  and 
Pogue,**  and  they  conclude  that  the  sooner  the  enlarging  use  of  fuel 
oil  for  steam  raising  and  heating  be  turned  into  a  narrowing  use  the 
bett«r. 

It  seems  evident  that  the  substitution  of  oil  by  coal-generated 
electric  power  is  a  move  in  the  right  direction. 

SAVING  OF  COAI. 

By  reason  of  the  efficiency  of  the  electric  furnace,  it  is  possible  also 
to  effect  a  saving  in  the  actual  number  of  heat  unitg  required  to  melt 
a  given  amount  of  metal. 

If  the  power  is  generated  either  from  coal,  through  a  steam  boiler 
and  turbo-generator,  or  through  a  gas  producer  and  gas  engine,  from 
gas  tar  through  a  Diesel-type  engine  and  generator  in  a  reasonably 
efficient,  large,  central  power  plant,  the  efficiency  of  the  thermally 
more  economical  of  the  available  electric  furnaces,  if  properly  op- 
erated, is  so  good  that  electric  melting  may  require  fewer  B.  t.  u. 
in  the  power  plant  fuel  than  would  be  needed  for  melting  in  fuel- 
fired  furnaces. 

The  most  modern  central  stations  can  deliver  to  their  customers  1 
kw-  h.  for  25,000  B,  t.  u. — that  is,  the  equivalent  of  2  pounds  of  bitu- 
minous coal.  Three  pounds  of  coal  may  be  taken  as  an  average 
figure  when  less  efficient  central  stations  are  included,"  although 
both  lower  and  higher  figures  are  taken  by  various  authorities." 

In  crucibie-pit  fires,  600  pounds  of  coke  per  ton  of  yellow  brass 
melted,  or  800  pounds  per  ton  of  red,  is  fair  practice ;  that  is,  if  yel- 
low brass  is  melted  at  200  kw.  h.  per  ton  and  red  at  265  kw.  h.  per 
ton,  each  kw.  h.  being  generated  by  3  pounds  of  coal,  no  more  fuel  is 
used  than  would  be  with  direct  firing. 

It  has  been  shown  that  these  figures  can  be  reached  on  24-hour  op- 
eration on  the  alloys  to  which  they  are  fitted  by  the  larger  sizes  of 
direct-arc,  stationary,  and  moving  indirect-arc,  and  by  induction  fur- 
naces, each  furnace  being,  of  course,  used  on  alloys  to  which  it  is 

'^Gilbert,  C.  G.,  and  POgue,  J.  E..  Petroleum,  i  reionrce  Interp Fetation :  SmltbaonUn 
Institution,  V.  8.  Natl.  MuBeum,  Bull.  102,  part  6,  IBIS ;  compare  Riee.  G.  B..  Revlen  at 
tbe  coal  situation  ot  the  world.  Ball.  Am.  Iiiat.  Hlo.  Sue..  133,  1918,  p.  131.  Arnold,  B., 
CaOHerratlon  of  oil  and  gaa  resoarcea  of  the  Americas.  Econ.  Oeol.,  vol.  11.  1916,  pp. 
203.  299.  ReqUH.  M.  L.,  Petroleum  resources  ot  the  United  States.  Sen.  Doc.  363,  64th 
Cong.,  1st  sesB..  1916.  IT.  S.  NaT?,  Oil  con  serration,  ■  national  neceeslty.  Ann.  Sept. 
Sec,  ot  the  Navy,  1016.  p.  33.  Dunn.  F.  B.,  Induatrlal  dbbs  ot  fuel  oil,  1016.  Editorial 
note.  Crude  oil  imports  set  up  a  new  recold,  Foundry,  vol.  48,  1920,  p.  283 ;  Editorial 
Dote,  Fuel  oil  Prices,  Iron  Age,  vol.  lOB,  1920.  p.  1101. 

•Compare  Benzlnger,  R,  F.,  Solving  the  eTer-lncreaslDK  cost  of  central -station  opera- 
tku.  Th«  BlEdila  E^imace,  vol  1,  So.  2,  p.  IS.  0»ok,  C  S.,  Pow«  production  for 
electrochemical  purpoaea.  Trans.  Am.  Electrochemical  Soc,  vol.  SG,  1919,  p.  67. 

»  Compare  Beport  to  Brltlali  Ministry  of  Munitions.  IMrect  SrlDB  and  by-product  power 
production,  Iron  A^e,  VOL.  lOB,  1S20,   p.  128^     Volgesuig,  A.  T..   St.  Lawrence  power, 
Power,  vol,  Dl,  1920.  p.  3S7.    Beport  of  Committee,  Am.  R,  B.  Asbd.,  Mining  and  MeUl- 
Incgy.  No.  161,  May.  1920.  p.  7. 
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fitted.    They  can  probably  not  be  reached  by  even  the  more  efficient 
of  the  reflected-heat  furnaces. 

In  a  locality  where  the  central  station  was  so  shortsighted  as  to 
disregard  the  advantages  to  itself  in  an  electric  furnace  load,  and  to 
accept  the  tentative  suggestion  of  an  editorial  in  a  recent  electrical 
journal'^  that  the  value  of  the  service  rendered  by  electric  furnaces 
was  so  high  that  they  could  stand  being  charged  rates  '*  approxi- 
mately those  for  lighting  service ''  (if  the  public  service  commission 
of  the  State  did  not,  as  it  probably  would,  prevent  the  charging  of 
such  an  unjust  rate),  the  combination  of  high  rates  and  an  inefficient 
furnace  would  soon  cause  its  user  to  change  to  a  more  efficient  type 
or  to  go  back  to  fuel-fired  furnaces,  just  as  happened  in  a  steel 
foundry.  This  plant  was  using  a  Heroult  electric  ^mace  for  steel 
castings,  but  when  the  cost  of  power  rose  to  nearly  2  cents  per 
kw.  h.,*^®  the  electric  furnace  was  sold  and  an  open-hearth  installed. 
The  power  cost  was  the  item  that  necessitated  the  change,  even  at  the 
expense  of  a  slightly  less  high  quality  of  steel,  the  open-hearth  steel, 
in  this  case,  being  of  good  enough  quality  for  the  purpose  in  hand. 

Whether  or  not  economic  conditions  will  allow  the  use  of  an  ineffi- 
cient furnace,  on  account  of  the  need  of  fuel  conservation,  it  is  a- 
waste  to  utilize  a  furnace  less  efficient  in  the  use  of  electric  power  for 
any  certain  purpose  where  a  more  efficient  one  as  to  the  use  of  power 
will  do  the  work  at  as  low  an  over-all  cost  to  the  user.  The  less  effi- 
cient of  two  electric  furnaces  may  show  a  great  reduction  in  melting 
cost  over  the  old  fuel-fired  furnaces,  but  with  equal  melting  costs  in 
the  two  motives  of  conservation  should  lead  to  the  choice  of  the  more 
efficient  furnace. 

For  this  reason  special  stress  has  been  laid  in  this  report  on  the 
difference  in  performance  as  to  power  consumption  per  ton  of  dif- 
ferent types  of  furnaces,  and  with  different  methods  of  operation. 
It  is  true  that  as  far  as  a  cost  sheet  goes  other  advantages  may  some- 
times make  up  the  difference  between  a  furnace  melting  at  300  kw.  h. 
per  ton,  and  another  at  450  kw.  h.  per  ton,  but  the  balanced  costs  fail 
to  indicate  that  the  first  uses  but  two-thirds  as  much  as  the  second 
from  the  Nation's  coal  pile.  In  reference  to  desirability  of  economical 
utilization  of  coal,  see  Gilbert  and  Pogue.*' 

WATEB  POWER. 

Generally  speaking,  the  brass  industry  in  this  country  is  at  such 
a  distance  from  developed  water  power  or  from  that  likely  to  be 
developed  in  the  near  future,  that  the  general  utilization  of  hydro- 

•*  Electric  furnace  rates.  Electrical  World,  yoI.  75,  1920,  p.  767. 
■«  MeltlDK  changes  bring  lower  costs,  Foundry,  vol.  48,  1920.  p.  253. 
"•Gilbert,  C.  O..  and  Pogue,  J.  E.,  Coal,  the  resource  and  its  full  utUiBation:  Smltb- 
conian  Institution,  U.  8.  Natl.  Museum,  Bull.  102,  part  4,  1913. 
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electric  power  for  brass  melting  will  have  to  be  accomplished  by 
the  location  of  new  plants  within  economical  transmission  distance 
of  existing  or  future  water-power  development,  or  by  the  tying-in  of 
water  power  and  steam  plants  into  a  large  network  or  such  "  super- 
power system "  as  has  been  advocated  by  former  Secretary  Lane.®® 

Murray  calculates*^  that  though  the  investment  required  by  the 
proposed  superpower  network  would  be  $1,250,000,000,  including  the 
cost  of  changing  from  steam  to  electricity  in  railroads  and  industrial 
plants,  it  would  return  24  per  cent  on  the  investment.  It  seems  in- 
evitable that  this  great  improvement  will  sooner  or  later  be  made. 

Another  power  project  that  may  develop  in  the  future  is  that  on 
the  St.  Lawrence  River,  the  main  idea  being  to  deepen  the  river  to 
allow  passage  of  seagoing  vessels.  Hoover**  cites  this  project  as  be- 
ing "  entirely  feasible,"  capable  of  relieving  the  railroads  from  their 
peak  load,  and  estimated  to  save  5  to  6  cents  per  bushel  on  the  trans- 
portation of  grain.  In  such  a  development  a  large  amount  of  hydro- 
electric power  would  be  made  available,  which  would  be  free  from 
the  seasonal  variations  of  some  hydroelectric  projects  on  account  of 
the  natural  storage  of  the  great  lakes.  Vogelsang*'  estimates  that 
the  power  available  as  the  United  States  share  of  that  developed 
would  be  equivalent  to  9,750,000  tons  of  coal  per  year  and  would  re- 
quire nearly  8,000  fewer  workmen  in  the  hydroelectric  plants  than 
would  be  required  to  develop  the  same  power  by  steam. 

With  such  huge  projects  as  these  in  the  East  adjudged  feasible 
and  desirable  by  eminent  engineers  and  economists  and  the  advance 
of  the  already  large  hydraulic  developments  in  the  West,  adequate 
electric  power  supply  seems  bound  to  come  in  the  future. 

Until  hydroelectric  power  is  thus  made  available  electric  brass 
furnaces  will  continue  to  utilize  steam-generated  power  in  the  great 
majority  of  cases  in  this  country. 

Some  other  countries,  though  they  do  not  melt  much  brass  com- 
pared to  the  United  States,  will  probably  be  able  to  apply  hydro- 
electric power  to  brass  melting  when  they  start  to  utilize  the  electric 
brass  furnace. 

Sweden  and  Norway**  have  long  been  noted  for  their  hydro- 
electric developments,  which  were  forced  upon  them  by  the  scarcity 

>*Aiionymou8,  Secy.  Lane's  proposal  for  power  resonrce  surrey :  Elect.  World,  yol.  78, 
1919,  pp.  282,  381 ;  see  also  Report  of  Committee  of  Am.  R.  R.  Assn.,  Mining  and 
MetaUurgy,  No.  161,  May,  1920,  p.  7;  Murray^  W.  S.,  Superpower  Survey  report:  U.  S. 
Geol.  Survey  Prof.  Paper  128,  1921,  261  pp. 

"^  Murray,  W.  S.,  Economical  power :  Jour.  Am.  Inst.  Elect.  Eng.,  vol.  89,  1920.  p.  27 ; 
Economical  supply  of  electric  power  for  the  railroads  and  industries,  of  tbe  North  At- 
lantic seaboard :  Jour.  Am.  Inst.  meet.  Eng.,  vol.  89,  1920,  p.  219. 

""  Hoover,  H.,  Some  notes  on  agricultural  readjustment  and  the  high  cost  of  living,  Sat. 
Eve.  Post,  vol.  192,  1920,  Apr.  10,  p.  46.  See  also  Craig,  C.  P.,  From  the  Great  Lakes  to 
the  Atlantic,  Sat.  Eve.  Post.  vol.  192.  1920,  June  26,  p.  40. 

•Vogelsang,  A.  T.,  St.  Lawrence  power:  Power,  vol.  51,  1920,  p.  397. 

•Compare  Beckman,  J.  W.,  Power  developments  in  Scandinavia,  Trans.  Am.  Electro- 
chem.  Soc,  vol.  87,  1920,  p.  403. 
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of  fuel,  and  for  their  application  of  electric  furnaces  to  the  iron 
industry. 

Italy  has  a  highly  developed  water-power  system,  and  there  is 
to-day  ^^'^  a  larger  production  of  electric  steel  in  Italy  than  of 
Bessemer  steel. 

In  1920  France*®  was  expected  to  utilize  about  1,600,000  h.  p.,  or 
twice  what  she  utilized  in  1913.  According  to  Keller,*^  the  various 
plants  of  Keller  Leleux  and  the  Government  plants  designed  by 
Keller  were  using  electric  furnaces  on  war  production  of  pig  iron, 
steel,  carbide,  etc.,  requiring  about  30,000  kw.,  most  of  which  was 
from  water  power. 

The  situation  as  to  electric  power  in  England  has  not  been  good, 
there  being  practically  no  water  power,  and  according  to  Kideal  •*  the 
average  of  some  600  power  stations  being  only  5,000  h.  p.,  or,  as  he 
states,  one-quarter  the  size  of  an  economical  generating  unit  and 
one-thirtieth  of  the  size  of  a  really  economical  central  station.  Cen- 
tralization into  larger  units  is  contemplated. 

The  fuller  utilization  of  our  own  water-power  resources  has  l<mg 
been  recognized  as  desirable  and  in  the  near  future  necessary.** 

The  long-delayed  constructive  legislation  which  will  make  this  a 
certainty  for  the  future  is  now  in  operation,  although  on  account  of 
the  large  capital  investment  and  the  time  required  to  construct 
hydroelectric  plants  some  years  will  elapse  before  the  fuU  benefits 
can  be  realized.  Comparatively  prompt  increase  in  utilization  of 
water  power  is  nevertheless  assured. 

OPEBATION  OF  ELECTUIC  B&ASS  FVBKACES. 

When  cheap  hydroelectric  power  becomes  generally  available  for 
use  with  electric  brass  furnaces  in  this  country  in  the  future  the 
economical  use  of  power  may  become  subordinate  to  other  points  in 
furnace  operation,  but  as  long  as  electric  power  is  relatively  costly 
the  selection  and  operation  of  a  furnace  must  take  into  account  the 
fact  that  the  power  bill  is  one  of  the  largest  items  of  melting  cost. 
How  to  operate  with  a  low-power  consumption,  how  to  increase  pro- 
duction, keep  upkeep  and  repair  cost  down,  and  how  to  hold  the  metal 
losses  low  and  the  quality  of  the  product  high  are  the  main  questions 
confronting  the  electric  furnace  operator. 

«■  V.  D.,  1000  fours  ^ectriques  a  acler  dans  le  monde,  Jour,  du  tour  eiectriqne,  voL  28, 
1919,  p.  114. 

**Toublett,  Lt.  Comdr.,  French  postwar  mineral  resonrces,  Mining  and  Metallurgy, 
Bull.  157,  Jan.  1920,  Sect.  1,  p.  21. 

•»  Keller,  C.  H.,  Synthetic  electric  furnace  cast  Iron,  Trans.  Am.  Electrochem.  Soc,  vol. 
37,  1920,  advance  copy. 

"■  Rldeal»  B.  K.,  Industrial  electrometallurgy,  1919,  p.  15. 

"*  Compare  Dudd,  O.,  The  water  power  situation,  Including  Its  financial  aspect :  Trans. 
Am.  Inst.  Elect.  Eng.,  1916.  p.  575 ;  Gilbert,  C.  G.,  and  Pogue,  J.,  Power,  its  significance 
and  needs:  Smithaonlan  Institution,  U.  S.  Natl.  Museum,  Bull.  102,  part  5,  1918. 
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To  keep  the  metal  loss  low  and  the  quality  of  the  product  high,  the 
fundamental  principle  is  to  choose  a  furnace  that  can  be  run  tightly 
closed,  to  keep  air  out  and  volatile  metals  in,  and  then  to  take  care 
that  it  is  really  so  run.  When  the  charge  contains  oily  borings  it  is 
impossible  to  operate  any  furnace  tightly  closed  till  the  oil  is  driven 
out.  But  the  oil  vapor  prevents  the  entrance  of  air  as  long  as  it  is 
coming  off,  so  if  the  furnace  is  plugged  up  as  soon  as  the  oil  is  off, 
little  metal  vapor  is  lost,  as  the  bulk  of  the  oil  is  out  before  the  metal 
is  melted  and  hot  enough  to  vaporize  much  of  the  volatile  constituents 
of  the  alloy. 

Low  upkeep  and  repair  cost  for  refractories  depends  on  the  care 
and  attention  given  the  furnace,  especially  in  the  matter  of  overheat- 
ing the  lining  or  roof.  Overheating  is  mainly  due  to  the  use  of  too 
high  a  rate  of  power  input.  But  the  higher  the  rate  of  power  input  the 
greater  the  output  of  product  and  the  lower  the  energy  cost  per  ton. 
Careful  balancing  between  these  two  factors  has  to  be  made. 

The  rate  at  which  the  furnace  can  safely  take  and  the  transformers 
safely  supply  energy  should  be  properly  balanced  so  that  there  is 
enough  transformer  capacity  to  allow  the  furnace  to  do  its  best  work, 
but  not  so  much  excess  capacity  as  to  involve  a  useless  expense  for 
the  purchase  of  too  large  a  transformer.  On  arc  furnaces  a  balance 
has  to  be  struck  between  a  power  factor  that  is  high  enough  to  make 
the  arc  so  unsteady  as  to  require  too  much  attention  or  to  make  it  too 
easy  for  the  operator  to  allow  the  furnace  to  take  too  much  power, 
and  one  so  low  as  to  involve  waste  by  requiring  larger  and  more  ex- 
pensive leads  or  a  power  factor  penalty  on  the  power  bill.  Automatic 
electrode  control  on  arc  furnaces  and  pyrometric  records  of  roof  tem- 
perature in  the  resistance  type  aid  in  allowing  the  operator  to  hold 
the  maximum  safe  rate  of  input.  Automatic  electrode  control  is  sel- 
dom justified  in  the  installation  of  a  single  brass  furnace,  as  it  does 
not  often  cut  the  labor  cost  appreciably.  But  on  a  battery  of  two  or 
more  arc-type  furnaces  automatic  electrode  control,  where  it  is  pos- 
sible to  apply  it,  will  usually  pay  for  the  investment  very  promptly 
by  saving  labor. 

In  order  to  allow  holding  the  power  input  up  to  the  maximum 
rate,  the  furnace  operator  must  have  all  the  meters  to  guide  him  that 
the  particular  type  of  furnace  in  use  requires.  Graphic  meters  and 
the  keeping  by  the  operator  of  a  regular  furnace  log,  showing  time 
per  heat  spent  in  charging,  melting,  and  pouring,  in  waiting  on 
account  of  outside  delays,  and  delays  due  to  the  furnace  itself,  kilo- 
watt-hours used,  weight  charged  and  obtained,  electrode  consump- 
tion, etc.,  are  most  valuable  in  allowing  the  management  to  see  to  it 
that  the  furnace  is  operating  properly. 

To  get  a  high  production  with  the  minimum  power  per  ton  one 
should  use  a  furnace  of  the  largest  size  his  demand  for  metal  will 
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allow,  or  that  he  can  take  the  metal  away  from  promptly,  as  tLti 
larger  the  capacity  of  a  given  type  of  furnace  the  more  efficient  it  i-. 
But  if  a  large  furnace  has  to  be  poured  through  a  number  of  smallf 
ladles,  the  ratio  of  idle  time  to  operating  time  may  be  so  great  thai; 
a  smaller  and  more  quickly  emptied  furnace  may  give  better  results. 

On  account  of  the  high  first  cost  of  the  electric  furnace  its  over- 
head per  idle  hour  is  high.  Moreover,  the  furnace  while  idle  is  leak- 
ing heat  from  its  walls  that  has  to  be  replaced  during  the  next  heat 
instead  of  going  to  the  melting  of  metal.  This  leakage  occurs  not  \ 
only  between  heats  during  the  day,  but  at  night  also,  so  that  there  is 
usually  a  great  difference  in  the  efficiency  of  a  furnace  on  9-hour  and 
on  24-hour  operation. 

The  more  nearly  the  furnace  operates  continuously  the  more 
cheaply  it  will  operate.  On  continuous  operation  there  is  far  less 
difference  between  the  power  consimiption  per  ton  of  the  more  anvl 
the  less  efficient  types  than  there  is  on  9-hour  operation.  Two-shift. 
16-hour  operation  shows  a  greater  improvement  over  one-shift  opera- 
tion than  24-hour  over  16-hour  operation.  If  melting  costs  are  a 
main  factor,  and  the  quality  of  the  castings  is  good  with  night  work, 
as  in  rolling  mills  and  smelting  and  refining  plants,  the  tendency 
should  be  toward  two-shift  operation.  In  a  shop  making*  intricate 
cored  castings  in  sand,  unless  artificial  illumination  can  be  provided 
that  will  keep  the  defective  castings  from  night  work  down  to  the 
daylight  figure,  single-day-shift  operation  will  prevail. 

In  single-shift  operation,  delays  in  pouring,  waiting  for  the  ladle 
crane,  or  holding  the  metal  in  the  furnace  because  molds  are  not 
ready,  operate  to  the  great  detriment  of  high  furnace  production  and 
low  power  cost.  Of  course,  melting  is  only  one  of  the  factors  in  foun- 
dry costs,  and  it  may  be  better  in  the  long  run  to  operate  on  the  basis 
of  molding  as  the  main  factor,  holding  the  metal  in  the  furnace  to 
wait  for  molds  if  necessary,  and  fitting  the  rate  of  melting  to  the 
rate  of  molding,  but  it  should  be  clearly  recognized  that  this  handicaps 
a  furnace  greatly.  Even  for  such  operation  the  electric  furnace  has 
advantages ;  in  the  types  without  too  great  heat  storage  so  that  metal 
held  in  the  furnace  does  not  continue  to  heat  up  too  rapidly  from  the 
heat  stored  in  walls  and  roof,  it  is  possible  to  hold  the  metal  longer 
without  damage  to  its  quality  than  in  fuel-fired  furnaces. 

If  metal  is  to  be  held  in  furnaces  of  high-heat  storage  after  it  is 
ready  to  pour,  additions  of  cold  metal  may  have  to  be  made  to  keep 
the  charge  from  getting  too  hot  before  it  is  poured. 

The  average  foundry  using  electric  furnaces  does  not  appear  to 
realize  how  a  few  minutes  delay  waiting  for  the  next  charge,  a  few 
minutes  more  waiting  for  crane  or  ladle,  and  a  few  more  holding  the 
metal  waiting  for  molds  may  add  up  in  the  course  of  a  day  to  time 
enough  to  make  another  heat.    Any  furnace  will  illustrate  this  fact 
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Take  an  actual  day's  run  of  a  small  Rennerfelt  on  red  brass  for 
example : 

Tamj!  55. — Operation  of  a  furnace  irith  and  without  delays. 


Heat. 

Charge. 

Total 
time. 

Arc  on. 

Idle 
time. 

Kilowatt 
hours 
used. 

Kilowatt 

hours 

per  100 

pounds. 

Notes. 

I 

2 

3 

4 

5 

Pwndt. 
497 

622 
527 
523 
394 

Hr$.  Min. 
2   45 

1  45 

2  55 
1    25 
1    25 

Hra.  Min. 
a   44 

1    25 
1    10 
1    05 
1    10 

Hrs.  Min, 
40 

20 

1    45 

20 

15 

211 

130 

105 

106 

94 

42 

25 
20 
20 
25 

Furnace  at  red  heat  from  previ- 
ous day's  run. 

Delay  waiting  for  molds. 

Waiting  for  molds,  so  held  power 
input  low. 

Total 
Average 

2,463 

10    15 

6    55 

3    20 

640 

26 

520.  kilowatt  hours  x>er  ton. 

This  could  have  been  run  as  follows  by  eliminating  all  delays : 


Hours. 

Charge. 

Total 
time. 

Arc  on. 

Idle  time 
charging 

and 
pouring. 

Kw.  h. 

Kw.  h. 

per  100 
poimds. 

1 : 

Pounds. 
525 
525 
525 
525 
525 
525 

Hrs.  Min. 
2    10 
1    40 
1    25 
1    20 
1    20 
1    20 

Hrs.  Min. 
1    55 
1    25 
1    10 
1    05 
1    05 
1    05 

Hrs.  Min. 
15 
15 
15 
15 
15 
15 

215 
130 
105 
100 
100 
100 

41 

2 r 

25 

3 

20 

4 

19 

5 

19 

6 

19 

Total 

3,150 

9    15 

7    45 

1    30 

750 

a24 

a  Average,  or  480  per  ton. 

The  elimination  of  delays  thus  gives  a  25  per  cent  increase  in  out- 
put in  an  hour's  less  time  and  decreases  the  power  consumption  40 
kw.  h.  per  ton. 

The  diflference  between  the  results  of  a  test  run,  made  to  show  the 
maximum  performance  of  the  furnace,  with  everything  arranged 
for  rapid  operation  and  those  in  regular  operation  imder  "  foundry 
handicaps  "  is  often  very  marked,  and  the  maker's  guarantees  as  to 
furnace  performance  under  proper  operation  may  be  far  better 
than  the  figures  on  everyday  performance  if  the  furnace  is  not  prop- 
erly operated. 

Test  runs  should  always  be  made  and  the  best  possible  perform- 
ance of  the  furnace  determined.  If  the  foundry  does  not  closely  ap- 
proach this  performance  in  regular  operation,  the  manager  can 
figure  out  how  much  his  failure  to  provide  the  furnace  with  the  con- 
ditions under  which  it  can  best  operate  is  costing  him.  There  is 
always  a  point  at  which  rigid  putting  of  the  furnace  performance 
first  and  requiring  the  other  foundry  operations  to  be  arranged 
mainly  with  respect  to  efficient  melting  is  more  expensive  in  the  long 
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run,  and  it  is  not  always  best  to  try  to  get  100  per  cent  of  the  possible 
performance  from  the  furnace.  But  the  extra  saving  possible  by 
giving  the  furnace  proper  operating  conditions  and  getting  high 
production  per  furnace  is  generally  large  enough  to  demand  con- 
sideration, because  of  high  interest  charges  per  ton  of  product  when 
the  expensive  electric  furnace  is  not  allowed  to  give  maximum  pro- 
duction, and  of  the  lowered  power  cost  per  ton  when  production 
is  high. 

It  is,  then,  of  greater  relative  importance  among  all  the  different 
foundry  operations  that  an  electric  furnace  be  operated  under  condi- 
tions as  favorable  as  possible  to  it  than  in  the  case  of  fuel-fired 
furnaces. 

YALTTE  OF  MECHANICAL  CHAEGINO. 

It  saves  much  time  to  be  able  to  dump  the  charge  in  mechanically 
from  above  instead  of  having  to  throw  or  shovel  it  in  through  a 
door  in  the  side  or  end  of  the  furnace.  Such  furnaces  as  the  Snyder, 
the  Detroit,  and  the  Ajax  that  can  be  charged  from  the  top,  if  in- 
stalled with  mechanical  charging  in  view,  or  located  so  that  no 
craneway  or  other  structure  over  the  furnace  renders  mechanical 
charging  out  of  the  question  offer  opportunity  for  time  saving. 
Other  types  of  furnaces  which  must  be  charged  by  hand  through  a 
door  should  have  doors  of  generous  size.  If  hand-charging  must  be 
used,  chips,  unless  in  relatively  small  amount,  when  they  may  be 
useful  for  charging  first  to  form  a  cushion  to  prevent  damage  to 
the  refractories  when  charging  heavy  ingots,  may  be  briquetted,^'' 
and  bulky  material,  like  wire,  should  be  compressed  or  "  cabbaged." 

Generally  speaking,  the  furnace  should  be  at  a  red  heat  before  the 
first  charge  of  the  day  is  put  in,  this  being  obtained  by  preheating 
the  empty  furnace  if  it  has  cooled  too  far  since  last  used. 

The  best  results  are  obtained  with  a  tightly  closed  furnace,  and 
it  is  usually  better  to  put  the  whole  charge  in  at  once  instead  of 
melting  part,  then  opening  the  furnace  to  add  the  rest.  If  a  large 
amount  of  cold  metal  is  added  to  a  relatively  small  mass  of  molten 
metal,  the  solid  material  may  sink  in  the  molten  mass  and  freeze  the 
whole  into  one  solid  chunk,  which  is  harder  to  melt  than  a  piled-up 
mass  of  smaller  pieces. 

Most  furnaces  should  not  be  opened  between  charging  and  pour- 
ing, though  if  the  charge  contains  too  much  nonmetallic  material 
that  may  form  a  blanket  of  dross  or  a  mirror-like  slag,  it  is  some- 
times better  to  open  the  furnace  and  skim  the  slag  or  dross  as  soon 
as  the  charge  is  molten,  as  such  a  blanket  or  cover  may  retard  the 
heating  of  the  metal.    Provision  of  sufficient  heated  ladles  to  allow 

^  Compare  Btlllman,  A.  L.,  Brlqnetting  of  nonferroiui  light  metal  scrap.  Joar.  Am.  Inat. 
Mot.,  vol.  11.  1917.  p.  193. 
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emptying  the  furnace  rapidly  and  the  arrangement  of  ladle  hoists 
and  trolleys  or  craneways  so  that  one  ladle  can  be  poured  immedi- 
ately after  another,  are  important  factors  in  time  saving. 

There  are  various  details  in  which  the  operation  of  special  types 
of  furnaces  require  special  procedure.  In  the  Snyder  the  bottom 
electrode  must  be  kept  in  metallic  contact  with  the  charge.  In  the 
rocking  and  revolving  types  care  must  be  taken  not  to  rock  too  far 
or  to  revolve  too*soon  to  prevent  electrode  breakage.  In  the  Baily 
the  furnace  must  be  heated  empty  at  night  if  run  but  one  shift  per 
day.  lb  the  Ajax  the  charge  must  be  kept  poked  down  and  a  layer 
of  charcoal  kept  on  the  metal  to  prevent  access  to  air.  All  furnaces 
are  alike,  however,  in  that  the  more  steadily  they  are  kept  at  melting 
and  the  less  time  they  are  allowed  to  be  idle,  the  better  their  per- 
formance. On  all,  also,  it  is  desirable  that  the  temperature  be  con- 
trolled as  closely  as  possible  that  the  metal  be  not  heated  hotter  than 
it  is  necessary  to  pour  the  casting  desired  properly.  Needless  super- 
heat simply  wastes  time  and  energy. 

PREHEATING  THE  CHAEGiE  BY  FUEL. 

It  is  often  suggested^*  that  brass  melting  should  be  done  in  two 
stages,  first,  heating  the  metal  to  a  red  heat  by  fuel  and  then  trans- 
ferring the  hot  metal  to  the  electric  furnace  for  melting. 

Theoretically,  this  has  many  advantages.  It  is  well  known  that 
the  lower  the  temperature  to  which  material  is  to  be  heated  the  more 
expensive  it  is  to  generate  that  heat  electrically  in  competition  with 
fuel.^*  That  is,  the  thermal  efficiency  of  fuel-fired  furnaces  is  the 
higher  the  lower  the  temperature  to  which  their  contents  are  heated. 
Or  it  would  take  fewer  B.  t.  u.  to  heat  brass  to,  say,  750**  C.  (1,400°  F.) 
by  direct  fuel  firing  than  by  electric  heating,  not  because  the  electric 
furnace  is  less  efficient  at  the  lower  temperatures  but  because  the 
fuel-fired  furnace  is  more  so. 

If,  then,  we  could  preheat  the  metal  by  fuel  and  could  charge  the 
hot  metal  into  the  electric  furnace  we  would  do  only  that  part  of 
the  work  in  the  electric  furnace  which  the  electric  furnace  can  do 
most  efficiently.  We  would  increase  the  output  of  the  electric  fur- 
nace and  thus  decrease  the  cost  per  ton  for  interest  on  the  invest- 
ment in  the  costly  electric  furnace.  Volatilization  of  zinc  and  lead 
from  brass  is  very  small  indeed  until  the  alloy  is  melted  and  super- 
heated; therefore,  the  metal  loss  would  not  be  increased.     If  the 

'» Compare  Clamer,  G.  H.,  and  Hcring,  C,  The  electric  furnace  for  brass  melting.  Trans. 
Am.  Inst  Metals,  vol.  6,  1912,  p.  97.  Hansen,  C.  A.,  Electric  melting  of  copper  and 
brass,  Trans.  Am.  Inst.  Metals,  rol.  6,  1912,  p.  127.  Herlog,  C,  Ideals  and  limitations  in 
the  melting  of  nonferrous  metals.  Jour.  Inst.  Metals  (British),  vol.  17,  1917,  p.  250. 

'^  Compare  Johnson,  W.  McA..  and  Sieger,  G.  N.,  Electric  furnaces,  their  design,  char- 
acteristics and  commercial  application.  Metal,  and  Chem.  Eng.,  yol.  11,  1918,  p.  506. 
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scheme  could  be  applied  to  oily  borings,  the  oil  would  be  driven  ui 
in  the  preheating  and  would  not  interfere  with  the  operation  of  th 
electric  furnace. 

Only  such  electric  furnaces  as  are  capable  of  mechanical  oTerhet 
charging  would  be  suitable  for  such  a  process.  The  success  of  th: 
scheme  would  depend  on  how  well  the  mechanical  details  were  worke*! 
out  and  on  whether  or  not  harmful  oxidation  could  be  prevented  ui 
the  transfer  of  the  material  from  the  preheating  furnace  to  th« 
electric  furnace. 

The  synchronizing  of  another  operation  to  the  regular  sequence  o: 
melting  and  the  extra  equipment  and  attention  required  would  be  i 
drawback,  but  there  are  many  cases  where  the  scheme  would  be  wortb 
a  trial. 

In  melting  cathode  copper,  if  the  cathodes  can  be  kept  from  tak- 
ing up  oxygen  or  sulphur  during  the  preheat,  so  that  the  electn: 
furnace  received  material  which  on  melting  will  have  the  proper  com- 
position to  give  a  high-conductivity  product,  the  scheme  ought  t. 
help  the  electric  furnace  in  its  difficult  task  of  competition  with  tfe 
present  huge  reverberatory  furnaces. 

This  scheme  of  preheating  the  charge  is  advocated  for  steel  melt- 
ing by  the  Industrial  Furnace  Co.,  makers  of  the  Snyder  fumaa. 
in  which  the  whole  roof  is  removed  for  charging  so  that  a  hot  charjt 
could  be  dumped  in  readily.  No  details  on  tne  operation  of  the  pUr 
in  practice  are  yet  available,  but  apparatus  for  such  operation  - 
being  installed  at  the  Standard  Steel  Castings  Co.,  Cleveland.  A  col- 
siderable  decrease  in  power  consumption  and  electrode  consumptii). 
per  ton  and  a  corresponding  increase  in  output  is  expected,  test  run- 
on  2i-ton  charges  of  steel  that  required  600  kw.  h.  per  ton  with  meta. 
cold,  taking  but  360  kw.  h.  per  ton  when  the  metal  is  preheated  to  t 
cherry  red. 

If  the  same  ratio  holds  in  brass  melting  the  power  consumptic^i: 
of  an  arc  furnace  which  melts  red  brass  at  325  kw.  h.  per  ton  with- 
out preheating  and  produces,  say,  6  tons  in  9  hours,  would  melt  at 
less  than  200  kw.  h.  per  ton  and  would  produce  about  10  tons  if  ali 
the  charge  were  preheated. 

An  induction  furnace,  melting  yellow  at  200  kw.  h.  without  preheat- 
ing and  producing  some  7  tons  in  24  hours,  would  melt  at  120  kw.  L. 
per  ton  and  produce  over  11  tons.  Clark"  has  designed  for  th« 
Bridgeport  Brass  Co.  a  method  of  preheating  for  use  with  the  induc- 
tion furnace,  but  so  far^*  the  ratio  between  fuel  prices  and  power 
prices  has  been  such  that  in  the  very  efficient  induction  furnace  the 
complications  added  to  the  furnace  by  preheating  have  outweighe<i 

^^•«-k„  w.  B.,  r.  S.  Patrnt  1,328.713,  Jan.  20,  1920. 
^^^lier.  W.  Bm  Personal  communication,  Jan.  31,  1020. 
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the  possible  saving  in  cost  of  power  plus  fuel  over  that  of  power 
alone,  so  that  the  scheme  has  not  yet  had  experimental  test.  The  less 
efficient  the  furnace  and  the  higher  the  cost  of  power,  the  greater  the 
incentive  to  try  out  preheating  will  be. 

FTTTTTBE  DEVELOPMENT  OF  ELECTBIC  BEASS  FTTBNACES. 

There  are  some  points  on  which  the  path  of  progress  of  electric 
brass  furnaces  is  fairly  clear.  Mechanical  refinements,  use  of  auto- 
matic electrode  control  in  batteries  of  arc  furnace,  and  a  slow  but 
general  improvement  in  life  of  refractories  may  be  looked  for  as 
experience  is  gained.  There  are,  however,  many  points  of  interest 
on  which  there  is  not  yet  enough  collected  experience  to  allow  pre- 
diction. 

Whether  the  tendency  in  the  use  of  existing  types  of  electric  brass 
furnaces  will  be  toward  the  use  of  small  furnaces,  pouring  500  pounds 
per  heat  or  less,  or  toward  the  1-ton  or  larger  furnaces,  can  not  yet 
be  decided.  Practice  will  doubtless  differ  according  to  conditions, 
but  just  what  conditions  make  one  or  the  other  alternative  the  bet- 
ter are  not  yet  thoroughly  clear. 

Whether  the  types  of  furnaces  that  are  so  far  doing  the  bulk  of 
the  nonferrous  melting  will  continue  to  do  so,  or  whether  furnaces 
which  so  far  have  not  had  wide  commercial  use,  or  some  of  the  others 
which  are  still  in  the  experimental  stage,  or  some  brand-new  entrant 
into  the  field  will  find  large  use  has  still  to  be  seen.  Much  progress 
is  still  to  be  expected  and  the  furnaces  of  to-day  are  doubtless  crude 
compared  to  those  of  the  future. 

Nevertheless,  enough  progress  has  already  been  made  so  that  there 
are  electric  furnaces  suitable  for  and  commercially  successful  in 
melting  all  sorts  of  nonferrous  alloys.  No  one  type  of  furnace  is 
"  best "  for  all  sorts  of  nonferrous  alloys,  but  the  field  is  thoroughly 
covered  if  the  different  types  are  used  on  that  portion  of  the  field 
each  is  best  fitted  for. 

The  electric  furnace  has  not  yet  displaced  the  fuel-fired  furnace 
from  the  field,  nor  will  it  do  so  completely  in  the  near  future,  if 
ever.  But  it  does  seem  certain  that  in  the  great  majority  of  cases  the 
electric  melting  of  brass  is  both  the  best  and  the  cheapest  method, 
and  that  electric  furnaces,  by  their  sheer  superiority  of  service, 
must  be  ultimately  destined  for  a  dominant  place  in  brass  melting. 
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features  and  use .....  17 

Kryptol  furnace,  description  of 77 


Lead,  boiling  point  of ...        22 

in  fuel-fired  furnace 76 

loss,  in  direct-arc  furnace 166 

Lead   alloys,   electric   furnaces   for, 

types  of 3,4,287-288 

Lead  poisoning,  prevention  of 162 

Leads,  definition  of 81 

Lift-out  crucibles,  types  of,  descrip- 
tion of 8tf-74 


Fags. 
Linings,   for  electric   furnaces,   dis- 
cussion of 203-296 

life  and  cost..  07,  88-90. 116, 128,  231 
See  also  Refractories. 
Lumen  metal,  furnace  for  melting 6 


M. 


Manganese,  boiling  point  of ...        22 

furnaces  for,  voltages  for 176 

loss  of.  prevention  of 175 

Marsh  furnaces,  data  on 9, 15 

Melting    points.      See    Copper^zinc 
alloys;  Silicon. 

Metallic  resistor,  description  of 242 

Metal  loss,  discussion  of 804-806 

fuel-fired  furnace,  curves  show- 
ing          74 

table  showing 75 

possible  saving  of 10 

See  also  Furnaces  named. 
Metals,  precious,  furnaces  for  melt- 
ing   ^  8 

Meters,  use  of 84,808 

See  aieo  Demand  meters. 
Moldenke  furnace,  description  of —       183 

features  and  use .. 17 

Monel  metal,  electrical  melting  of-       153, 

166, 188, 195,  205 

furnaces  for  melting 8,  4 

Moore  furnace,  description  of ._       289 

features  and  use 17 

Morgan  furnace,  description  of 87 

detail  of  single  phase .        88 

three  phase..... 89 

features  and  use 15 

lining  for,  discussion  of 88-90 

resistor  for,  description  of 88 

Motor  fOTce,  cause  and  use  of 261 


N. 


National  Carbon  Co.  furnace,  fea- 
tures and  use *     15 

National      resources,      conservation 

of 807-310 

Nickel  alloys,  electric  furnaces  for, 

types  of 3.  8,  9,  287-288 

Nickel-chromium     alloys,     electrical 

melting  of 163, 154, 183, 196 

Northrup  furnace,  types  of 94 

See  aleo  Ajax-Northrup  furnace. 


O. 


Ohm*s  law 31 

Oil,  conservation  of 308 

Oil  furnaces,  costs,   compared  with 

electric  furnaces 70 

lift-out  crucible,  metal  loss  with.  160 
open-flame,   products   of,   analy- 
ses of 225 

metal  loss  with 160 

Oily    brass    borings,    electric    melt- 
ing of 220-223 
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Oscillating   furnace.      Bee    Staseano 

furnace. 

Oscillatory  current*  definition  of —  29 

Overheating,  local,  prevention  of 242 

P. 

Petinot  furnace,   description  of 186 

Pfretzschner  furnace,  description  of-  73 

Phase,  definition  of 30 

PhUadelphia    Mint      See   AJax-Nor- 
thrup    furnace ;    Benner- 
felt  furnace. 
Phosphor   bronze,   electrical  melting 

of 226 

"  Pinch  "  force,  cause  of 245-246 

Platinum  alloys,  furnaces  for  melt- 
ing   8 

Power   consumption.    See   Ftimaces 
named. 

Power  factor,  definition  of 30 

See  also  Snyder  furnace. 

Power  input,  rate  of.  importance  of-  174 
Preheating,  by  fuel,  discussion  of—  817-819 

Production,  rate  of,  importance  of 97 

R. 

Beactance,  definition  of 88 

effects  of 292 

Reardon  furnace,  description  of 240 

features  and  use 17 

Records,  importance  of 303 

Red  brass,  electrical  melting  of 65, 

111,   113,  191.   195,  204, 
205,    212,   216,    220,   281 

furnaces  for  melting 7 

Reed  furnace,  description  of 93 

Reflected  heat  furnaces,  alloys  recom- 
mended for 287-288 

data  on 5 

Refractories,  for  furnaces,  properties 

of 97 

See  alao  Linings. 
Rennerfelt  circular  furnace,  descrip- 
tion of 148 

design  of - 148 

Rennerfelt  crucible  lift-out  furnace, 

description  of 72 

features  and  use .-  16 

Rennerfelt     indirect-arc  furnace,   at 
Philadelphia     Mint,     use 

of 196-199 

view    of 148 

comparison  with  Snyder 200-201 

comparison  with  Stassano 190 

conclusions   on 193 

data  on 3 

descriptions  of 189. 198, 199 

electrode  connections,  plan  of 189 

features  and   use 17 

for   aluminum,    use   of 282 

number  lu  us(* 189 

prices  for 202 

tests   of 191-199 

trunnion  type,  view  of 204 

types  of 202 

use  of 196 

Bee  oko  Von  Sdilegell  furnace. 


J>|1  CM 

Rennerfelt     reverberatory     furnace, 

data  on 7 

description  of 150 

diagram  of 150 

features  and  use « 16 

test  of 151 

Re-pel-arc     furnace.       See     Yon 

Bchlegell  furnace. 
Repelling-arc  furnace.      Bee  Von 
Schlegell  furnace. 

Resistance,  definition  of 81 

Resistance  furnace,  definition  of 82 

Resistor '  blades,  loss  during  rauB 60 

Resistors,  charge  as,  discussion  of.       244 

efliciency  of 83 

granular,  use  of 77-88, 119, 140 

life  of 70,114 

See  also  description  of  fur- 
nace9  named. 

protection    of - 66,  60,  61 

solid  or  molded,  use  of —  88-94 

use  of-! 81 

See  also  Baily  8-pot  furnace; 
Carborundum ;  Qraphite 
resistors ;  Uoskins  for- 
nace ;  Morgan  furnace ; 
Thomson  algzag  resistor; 
Zirconia ;  and  furnaces 
named. 

Resistor  troughs,  life  of . • 188 

See  also  Baily  furnace. 
Revolving  furnace,  advantages  of..       235 

descriptions  of 233-242 

difllculties  of 284 

Rocking  furnaces,  discuasion  of 211-212 

products  of,  analyses  of 225,  226 

comparison    with    oU    fur- 
nace   «       226 

See  also  Bureau  of  Mines  rock- 
ing furnace ;  Detroit  fur- 
nace ;  Metallic  resistor 
furnace;  Oscillating  fur- 
nace. 
Rockwell  furnace,  description  of...       100 

features  and  use 16 

Roechling-Rodenhauser   furnace,    de* 

scription  of 248 

features  and  use 18 

Roof  of  furnace.    See  Baily  furnace. 
General  Electric  furnace. 


S. 


Safety,   increase  with   electric   fur- 
naces   11 

Schemmann  and  Bronn  furnace,  de- 
scription of 175 

Shipton  furnace,  description  of 184 

features  and  use 17 

Short  circuit,  definition  of 33 

Silicon,  as  resistor ^ 82 

melting  point  of 83 

Silicon  coated  graphite  resistors,  de- 
scription of 82 

Silver,  electrical  melting  of 198.  205 

Silver   alloys,  electric   furnaces   for, 

types  of 8,  8,  9,  287-288 
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Snyder  crucible  lift-out  furnace,  de- 
scription and  tests  of 46 

features  and  use 16 

Snyder  direct-arc  furnaces,  data  on.  3 

effect  of  power  factor  on  cost 

of 167, 168 

features  and  use 17 

foundry  data  on 166-168 

Improyements  in 163-166,168-169 

large,  figure  showing 162 

metal  loss  wlth»  discussion  of 166 

price  of 170 

repair  costs  for 166 

small,  description  of 166 

metal  loss  with 160 

tests  of 1 157-161 

use    of 153, 166 

See  also  Rennerfelt  furnace. 

Snyder   resistor  tilting  furnace,   de- 
scription of 101 

Snyder- type  furnaces,  use  of 163-155 

Solomon  furnace,  description  of 247 

Silencer  furnace,  description  of 247 

features  and  use 17 

Stansfield   furnace,   description  of —  77 

features  and  use 16 

Stassano  furnace,  description  of 206 

figure  showing 207 

motion  of.  advantages  of 206 

Stassano-Petinot    furnace,     features 

and  use 17 

Stassano- type    furnaces,    Bureau    of 

Mines  tests  of 186-189 

description  and  tests  of 186-189 

features  and  use 17 

figures  showing 187 

number  in  use 186 

Bee  also  Rennerfelt  furnace. 

Steel,  electrical  melting  of 189, 

183,  206.  208.  232 

difference  from  brass 21,  22-26 

furnaces  for  melting.     See  Elec- 
tric furnaces. 
Steinberg  and  Gramolin  furnace,,  de- 
scription of 102 

Stellite,  electrical  melting  of 163 

Sweden,  tests  of  Rennerfelt  furnace 

in 191-193 

Switchboard  layout,  Bally  furnace —       122 


T. 


Tapping  furnaces.    See  Wile  furnace. 

Temperature.  See  Boiling  points; 
Copper-zinc  alloys ;  Melt- 
ing points. 

Tesla  circuit.  See  Ajax-Northrup 
furnace. 

Thermal  efficiency,  discussion  of 244-245 

importance  of 98 

Thomson  cylindrical  furnace,  de- 
scription of 107 

Thomson  sigsag  resistor,  descrip- 
tion of 104 

diagrams  showing 120 


Page. 
Thomson    zigsag    resistor    furnace, 

description  of 106 

diagrams  of 106 

features  and  use 16 

Thornton  furnace,  features  and  use.         16 

Tin,  boiling  point  of 22 

loss  in  fuel-fired  furnace 76 

Tin    alloys,    electric    furnaces    for, 

types  of 287-288 

Tilting  furnaces.     See  Crucible  tilt- 
ing furnaces. 
Torch,  electric.     See  Yon  Schlegell 
furnace. 

Transformer,  definition  of 31 

Transformer  layout.  Bally  furnace 122 

Triple     furnace.       See     Bureau     of 

Mines  crucible  furnace. 
Tungsten  powder,  for  resistors 117 


U. 


Universal     furnace,      features     and 

use 


17 


.     V. 

Vertical-ring,  induction.     See  Induc- 
tion furnaces, 
yolatilization,  in  electric   steel   fur- 
naces  „  23 

Volt,  definition  of 30 

Volta  furnace,  description  of 240-242 

features  and   use 17 

figure   showing 241 

Voltage,   definition  of 30 

for  melting  brass.    See  Tests  of 
furnaces  named. 

for  melting  manganese 176 

Von  Schatsl  furnace,  description  of-  182 
Von    Schlegell-Fletcber   furnace,   de- 
scription   of 182 

features  and  use 17 

Von  Schlegell  furnace,  data  on 4,  204 

description  of 202 

diagram  of . 203 

electric  torch  for 204 

use  in  Rennerfelt  shell 204 

view  of 204 

features  and   use 17 

views  of 204,  205 

W. 

Water    power.      See     Hydroelectric 
power. 

Watts,  definition  of 80 

Weeks  furnace,  description  of 184,  209 

features  and  use 17 

Weidenthal  furnace,  description  of-  117 

features  and  use 16 

Weintraub  furnace,  description  of 82 

features  and  use 16 

White  gold,  furnace  for  melting 8 

Wile  furnace,  description  of 171 

features  and  use 17 

for  nonbrass  alloys,  use  of 170 

tesU  with .— „. — ,  171-178 
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Y. 

Fagt. 

Yellow  brass,  famaces  for  meltins 7,  8 

melting  costs  for ..         70 

melting  in  direct-arc  furnace 156 

power  factors  for  meltings 161 

See    al90     tests    for     furnaces 
named. 

Z. 

2Blnc,  boiling  point  of 22 

electric  melting 138 


Page. 

Zinc,  loss  in  fuel-flred  furnace - 74,  75 

losses,  preyention  of 76 

Zinc    alloys,    electric    furnaces   for, 

types  of 287-288 

melting  tests  of 166, 157, 158, 161, 

101, 105,  200,  210 

Zinc  Tapor,  partial  pressure  of 23 

from  diiferent  brasses 102 

Zlrconla,  for  resistors 117 

Zirkite  brick,  as  refractory  lining 206 
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CENTRAL  DISTRICT  BITUMINOUS  COALS  AS  WATER-GAS 

GENERATOR  FUEL 


iy  W.  W.  Odell  and  W.  A.  Dunklby. 


XNTBODTTOTZON. 

PURPOSE  OF  INVESTIGATION. 

About  two-thirds  of  the  manufactured  gas  supplied  to  the  public 
by  the  gas  plants  m  the  Illinois  district  is  carbureted  water  gas. 
The  leading  generator  fuel  is  coke,  made  in  by-product  coke  ovens 
or  in  retorts,  chiefly  from  eastern  gas  coals.  During  the  fall  and 
winter  of  1917-18,  when  the  demand  for  coke  by  war  industries  and 
the  restrictions  of  the  Fuel  Administration  in  connection  with  the 
transportation  of  coke  from  eastern  States  made  it  almost  impossible 
for  many  gas  companies  to  obtain  their  coke  requirements,  several 
water-gas  plants  had '  to  use  bituminous  coal  as  generator  fuel. 
Many  operating  difficulties  were  encountered,  some  of  which  were 
solved  more  or  less  satisfactorily  in  different  plants.  A  number  of 
plants  attacked  the  problem  rather  blindly  because  facilities  for 
making  tests  were  lacking  and  because  technical  men  were  too  busy 
with  labor  and  supply  problems  to  study  thoroughly  the  conditions 
involved  or  to  ascertain  what  other  plants  had  done  with  this  fuel. 
It  was  therefore  with  the  hope  of  assisting  the  gas  industry  during 
this  critical  period,  and  of  promoting  the  use  of  Central  District  coals 
for  gas  making,  that  the  Illinois  Mining  Investigations,  a  joint  agency 
of  the  U,  S.  Bureau  of  Mines,  the  University  of  Illinois,  and  the 
Illinois  Geological  Survey  Division  undertook  the  tests  discussed  in 
this  paper. 

Thk  report  was  compiled  under  the  auspices  of  a  technical  com- 
mittee appointed  by  Gov.  Frank  O.  Lowden  to  promote  the  use  of 
Central  District  coals  in  gas  manufacture  as  a  war  measure.  This 
cojmnittee  included  the  following  representatives  of  the  various 
agencies  concerned:  U.  S.  Bureau  of  Mines,  E.  A.  Holbrook  and 
W.  W.  Odell;  Illinois  Gas  Association,  C.  W.  Bradley  and  R.  B. 
Harper;  University  of  Illinois,  Dean  C.  R.  Richards,  Prof.  S.  W. 
Parr,  and  Prof.  H.  H.  Stock;  State  Geological  Survey  Division, 
F.  W.  De  Wolf,  G.  H.  Cady,  and  W.  A.  Dunkley .  F.  W.  De  Wolf  was 
chairman  of  the  committee  and  E.  A.  Holbrook  was  secretary. 
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CENTRAL  DISTRICT  BITUMINOUS  COALS  AS  WATER-GAS 

GENERATOR  FUEL 


By  W.  W.  Odell  and  W.  A.  Dunklbt. 


iKT&ODtronoN. 

PURPOSE  OF  INVESTIGATION. 

About  two-thirds  of  the  manufactured  gas  supplied  to  the  public 
by  the  gad  plants  in  the  Illinois  district  is  carbureted  water  gas. 
TTle  leading  generator  fuel  is  coke,  made  in  by-product  coke  ovens 
or  in  retorts,  chiefly  from  eastern  gas  coals.  During  the  fall  and 
winter  of  1917-18,  when  the  demand  for  coke  by  war  industries  and 
the  restrictions  of  the  Fuel  Administration  in  connection  with  the 
transportation  of  coke  from  eastern  States  made  it  almost  impossible 
for  many  gas  companies  to  obtain  their  coke  requirements,  several 
water-gas  plants  had  to  use  bituminous  coal  as  generator  fuel. 
Many  operating  difficulties  were  encountered,  some  of  which  were 
solved  more  or  less  satisfactorily  in  different  plants.  A  number  of 
plants  attacked  the  problem  rather  blindly  because  facilities  for 
making  tests  were  lacking  and  because  technical  men  were  too  busy 
with  labor  and  supply  problems  to  study  thoroughly  the  conditions 
involved  or  to  ascertain  what  other  plants  had  done  with  this  fuel. 
It  was  therefore  with  the  hope  of  assistmg  the  gas  industry  during 
this  critical  period,  and  of  promoting  the  use  of  Central  District  coals 
for  gas  making,  that  the  Illinois  Mining  Investigations,  a  joint  agency 
of  the  U.  S,  Bureau  of  Mines,  the  University  of  Illinois,  and  the 
Illinois  Geological  Survey  Division  imdertook  the  tests  discussed  in 
this  paper. 

This  report  was  compiled  imder  the  auspices  of  a  technical  com- 
mittee appointed  by  Gov.  Frank  O.  Lowden  to  promote  the  use  of 
Central  District  coals  in  gas  manufacture  as  a  war  measure.  This 
committee  included  the  following  representatives  of  the  various 
agencies  concerned:  U.  S.  Bureau  of  Mines,  E.  A.  Holbrook  and 
W.  W.  Odell;  Illinois  Gas  Association,  C,  W.  Bradley  and  R.  B. 
Harper;  University  of  Illinois,  Dean  C.  R.  Richards,  Prof.  S.  W. 
Parr,  and  Prof.  H.  H.  Stock;  State  Geological  Survey  Division, 
F.  W.  De  Wolf,  G.  H.  Cady,  and  W.  A.  Dunkley .  F.  W.  De  Wolf  was 
chairman  of  the  committee  and  E.  A.  Holbrook  was  secretary. 
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SGOPE   OF  INVESTIGATION. 

The  field  of  investigation  was  naturally  divided  into  the  following 
parts:  (1)  Study  of  the  practice  already  developed  and  the  difficul- 
ties encountered;  (2)  development^  if  possible,  of  operating  methods 
that  would  obviate  these  difficulties;  (3)  testing  various  coals  of 
the  Central  District  to  determine  which  might  be  considered  for 
this  purpose;  and  (4)  study  of  some  of  the  technical  conditions 
involved  in  the  maniLfacture  of  water  gas  from  bituminous  coals. 

The  first  part  of  the  investigation  comprised  collecting  and  sum- 
marizing the  operating  data  by  correspondence  and  by  visits  to 
several  plants.  The  information  obtained,  which  was  published 
by  the  Illinois  Geological  Survey  Division  in  Bulletin  22  of  the 
cooperative  mining  series,  formed  a  basis  for  the  second  part  of  the 
investigation,  the  development  of  practical  methods  to  obviate  the 
difficulties  that  had  been  experienced.  It  was  decided  that  this  work 
could  not  be  done  successfully  except  on  a  commercial  scale.  The 
FubUc  Service  Co.  of  Northern  Illinois  offered  the  facilities  of  its 
Streator  gas  plant  for  these  experiments.  The  work  at  Streator 
extended  over  a  period  of  several  months.  A  preliminary  report, 
dealing  chiefly  with  the  operating  methods  worked  out  at  Streator, 
has  been  published  as  Bulletin  24  of  the  cooperative  mining  setries 
by  the  Illinois  Geological  Survey  Division.  The  purpose  of  the 
present  paper  is  to  discuss,  in  some  detail,  the  principles  involved 
in  water-gas  manufacture  as  they  apply  to  the  use  of  bituminous 
generator  fuel;  and  to  discuss  in  more  detail  the  results  obtained 
in  the  Streator  tests  and  the  application  in  other  plants  of  the  operat- 
ing methods  developed. 

PREVIOUS   WORK. 

Study  of  the  literature  of  gas  manufacture  brings  to  light  few,  if 
any,  records  indicating  the  successful  use  of  bituminous  coal  in 
water-gas  manufacture,  but  conversations  with  gas  manufacturers 
justify  a  belief  that  considerable  unreported  work  has  been  done  in 
individual  plants  from  time  to  time.  The  few  experiments  that  had 
been  made  probably  convinced  operators  that  numerous  diffieulties 
were  to  be  expected  when  bituminous  coal  was  used,  and  as  long  as 
coke  and  anthracite  were  available  at  fairly  reasonable  prices  there 
was  Uttle  incentive  for  them  to  experiment  with  bituminous  coaL 
However,  as  the  war  developed  increasingly  critical  conditions  in  the 
fuel  industry,  several  operators  turned  their  attention  to  the  possi- 
bilities of  using  bituminous  coal  in  water-gas  plants,  and  when  the 
work  reported  in  this  paper  was  undertaken,  several  such  plants 
had  been  operating  two  or  more  months  with  coal  fueL 


GENERAL  PRINGIPIJiS  OF  WATER-OAS  MAKUFAOTURB.  8 

LIMITATIONS    AND    ADVANTAGES    OF    BITUMINOUS    OENEBATOB    FUEL. 

There  are  lunitations  to  the  use  of  a  high-volatile  fuel  in  water-gas 
generators,  inasmuch  as  water-gas  sets  are  designed  for  low- volatile, 
high-carbon  fuels.  When  coal  is  used  under  the  same  operating 
conditions  as  for  coJce  fuel,  the  daily  production  capacity  is  con- 
siderably reduced;  hence  the  use  of  bituminous  coal  for  this  purpose 
has  been  limited  to  such  plants  as  did  not  need  to  be  operated  at 
full  capacity.  The  difference  in  the  cost  of  coal  and  coke  has  been 
very  great  in  some  parts  of  the  country,  and  gas  maniifacturers  in 
these  regions,  with  plants  not  operating  at  full  capacity,  have  found 
it  decidedly  advantageous  to  use  coal  fuel. 

GSNSRAIi  TBSXfOrPXJEB  OF  WATBB-OAS  XANUTAGTUBB. 

The  manufacture  of  carbureted  water  gas  is  essentially  a  chemical 
process  based  upon  chemical  reactions,  some  of  them  simple  and 
easily  understood,  others  complex  and  not  so  easy  to  understand. 
The  process  may  be  considered  logically  in  two  parts :  First,  the  for- 
mation of  the  uncarbureted  water  gas,  so-called  blue  gas;  and, 
second,  the  enrichment  or  carbureting  of  this  gas  to  the  quality 
desired  for  illuminating  purposes. 

BLUE   GAS. 

Uncarbureted  water  gas  (blue  gas)  consists  chiefly  of  hydrogen 
(H,),  carbon  monoxide  (CO),  and  carbon  dioxide  (CO,)  when  high- 
carbon,  low-volatile  fuels,  such  as  coke  or  anthracite  coal,  are  used. 
It  is  formed  by  passing  steam  (H^O)  through  an  incandescent  bed 
of  fuel.  The  amount  and  composition  of  gas  formed  per  unit  of 
time  depend  upon  the  nature  of  the  fuel,  the  rate  at  which  the  steam 
passes  through  the  fuel,  and  the  temperature  of  the  fuel  at  the  time 
the  process  is  taking  place.  The  chemical  reactions  occurring  under 
varying  conditions  have  been  studied  by  a  number  of  investigators, 
and  the  results  of  these  studies  will  be  summarized  here  to  assist 
those  readers  that  may  not  have  these  principles  clearly  in  mind. 

The  following  chemical  equations  show  the  principal  reactions 
taking  place  in  a  water-gas  generator  during  the  steaming  period  or 
''run.''  After  each  equation,  the  heating  value  per  cubic  foot 
(corrected  to  standard  conditions)  of  the  total  gas  formed  in  the 
reaction  is  given: 

B.  t.  u.  per  cable  foot 
L  C+2H^=0O,+2H, 217 

2.  G-i-H/)=i(X)-i-H, 326 

3.  C0,-fC«2C0 324 

Two  of  the  three  gases  produced  by  these  reactions — CO  and 
H, — are  combustible,  and  their  heating  values  per  cubic  foot  are 
nearly  alike.    The  other  gas,  CO,,  is  not  combustible  and  its  presence 
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in  water  gas  is  undesirable.  The  quantity  of  GO,  piesent  in  water 
gas  can  be  controlled  when  the  generator  reactions  and  their  practical 
application  are  well  understood. 

Consideration  of  the  heat  of  combustion  of  the  gas  produced  by 
each  of  these  reactions  indicates  that  equation  1  is  an  undesirable 
reactioD.  Equation  3,  however,  represents  a  secondary  reaction 
that  takes  place  when  the  CO,  formed  in  reaction  1  has  an  oppor- 
txmity  to  react  further  on  hot  carbon,  the  time  of  contact,  the  con- 
centration of  the  reacting  gases,  and  the  temperature  of  the  fuel  bed 
being  the  factors  that  control  the  extent  to  which  this  reaction  takes 
place.  When  all  the  CO,  formed  according  to  equation  1  is  converted 
into  CO  as  in  equation  3,  the  resulting  product  (considering  equations 
1  and  3  together)  is  a  mixture  of  equal  volumes  of  H,  and  CO,  or  the 
equivalent  of  reaction  2.  It  is  desirable  in  the  practical  operation 
of  water-gas  generators  to  produce  the  conditions  most  favorable  for 
reaction  2  or  its  equivalent,  and  at  the  same  time  the  least  favorable 
conditions  for  reaction  1.  The  favorable  conditions  are:  Intimate 
contact  of  the  steam  with  the  incandescent  fuel,  a  high  temperature 
in  the  fuel  bed,  and  a  desirable  time  of  contact  corresponding  to  this 
temperature.  The  reverse  of  these  conditions:  Imperfect  contact 
of  short  duration  and  low  temperatures  in  the  fuel  bed  favbr  reaction  1. 

All  of  these  reactions  may  be,  and  usually  are,  occurring  simulta- 
neously in  different  parts  of  the  fuel  bed  in  practical  operation. 
They  have  been  more  or  less  thoroughly  studied  under  controlled 
conditions  in  the  chemical  laboratory. 

TabxiB  l.^-j&rperivMnto  wUh  wattr  vapor  and  duarcoal.o^ 


Temperature. 

Gas 
velocity. 

1 

CcosWxteaXs, 

Cami>odtl<xi  of  dry  gas. 

•c. 

•F. 

COt. 

CO. 

kt. 

HiO. 

COi. 

CO. 

H,. 

674 
758 
838 

861 

054 

1,010 

1,060 

1,126 

l|806 
1  610 
1^582 
1740 
1850 
1,040 
^067 

€fu.ft. 

per  tee. 

0.0818 
.0686 
.1158 
.1870 
.2224 
.2171 
.8460 
.3900 

aL44 

15.72 

8.H 

5.35 
4,50 
4.60 
2.80 
2.51 

PereetU. 

3.84 

0.23 

12.11 

13.33 

5.66 

1.45 

1.25 

.60 

Percent, 

0.63 

2.67 

7.06 

11.01 

32.70 

48.20 

46.81 

48.34 

PereenL 
8.41 
22.28 
82.77 
36.48 
44.43 
47.30 
4&84 
5a  73 

Percent. 

87.12 

65.82 

47.15 

39.18 

17.21 

3.02 

3.68 

.303 

Percent, 

29.8 

27.0 

22.0 

21.9 

6.8 

1.5 

L8 

.6 

Percent, 
40 
7.8 
15.1 
l&l 
30l5 
49.7 
48.1 
48.5 

Percent. 
65.3 
65.2 
610 

6ao 

83.7 

4&8 

sao 

S0,9 

•  CduumB  2, 4, 9, 10  and  11  an  eompated  by  the  autbors . 

Table  V  by  Harries  shows  the  effect  of  the  temperature  on  the 
decomposition  of  water  vapor  in  the  presence  of  carbon  (charcoal). 
Water  vapor  was  passed  over  heated  charcoal  and  the  composition 
of  the  resulting  gas  was  determined.  The  experiment  was  on  a 
laboratory  scale.  It  will  be  noted  that  as  the  temperature  is  in- 
creased more  water  vapor  is  decomposed.    Simultaneously  there  is 


i  Harries,  (DeDompositiQQ  of  water  vapor  in  the  pnmoob  of  carbonj:  7our.  Qnaht^.,  Jalut.  87, 1604,  p.  tt. 
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an  increasing  percentage  oi  00  and  a  deoreaaing  percentage  of  00, 
in  Hie  gaa  produced,  in  spite  of  the  fact  that  the  time  of  contact  at 
the  higher  temperature  was  much  shorter.  Unfortunately  Harries 
does  not  state  the  capacity  of  his  apparatus,  hence  it  is  impossible 
to  calculate  the  absolute  time  of  contact;  however,  the  relative  con* 
tact  time  is  indicated  in  column  4  as  the  reciprocal  of  the  velocity. 

The  above  table  represents  results  obtained  with  charcoal  as  fuel. 
Other  forms  of  fuel,  such  as  coke  and  coal,  decompose  steam  with 
different  reaction  velocities.  Although  charcoal  decomposes  water 
vapor  more  rapidly  than  does  coke  or  some  other  fuels,  the  table  is 
characteristic  of  the  effects  of  temperature  on  the  production  of 
water  gas  and  shows  the  importance  of  maintaining  a  high  tempera- 
ture in  the  fuel  bed  of  a  water-gas  generator  during  the  steaming 
period. 

Table  2'  shows  the  effect  of  the  time  of  contact  on  the  decomposi- 
tion of  steam  and  on  the  composition  of  the  gases  formed  when  the 
temperature  remains  constant.  The  results  were  obtained  by  passing 
steam  over  heated  willow  charcoal. 

Tablx  2. — Decompositicn  o/it&nn  by  ehareoal  at  1,100^  C. 


Composltioa  of  dry  ^ 

BBS 

Time  of 

1     • 

1 

(per  cent). 

eoQtactln 

COt. 

CO. 

H,. 

CH*. 

HtO. 

Total 
fixed 
gases. 

COf. 

CO. 

H,. 

CH4. 

tM. 

5.02 

8.37 

a  1444 

.im 

b   .2868 

ao 
.1 

.3 
.4 

5a5 
sai 

43.3 
30.6 

47.3 
4ft.  I 
43.4 
39.0 

1.3 
.8 
.7 
.2 

0i9 

.9 

12.8 

2a8 

98ll 
99.1 
87.7 
79.2 

ao 
.1 

.34 
.50 

5a  95 
5a  60 
40.40 
50.00 

47.76 
48.60 
40146 
48.25 

1.31 
.80 
.80 

1.773......... 

1 

.5^ 

.25 

It  will  be  noted  that  as  the  time  of  contact  of  the  steam  with  the 
heated  carbon  (charcoal  in  this  case)  decreases,  the  per  cent  of  CO, 
increases  and  the  per  cent  of  CO  decreases.  In  other  words,  as  the 
time  of  contact  decreases,  the  reaction  of  equation  1  (C+2H,0  = 
00,-f  2Hj)  becomes  increasingly  prominent.  The  amount  of  steam 
decomposed  increases  as  the  time  of  contact  increases,  the  decom- 
position being  almost  complete  with  five  seconds  contact. 

BFVEOT  OF  TIKB  07  COKTAOT  AVD  TXMPBJULTU&B. 

The  effect  of  the  time  of  contact  and  the  temperature  on  the  relative 
percentages  of  CO,  and  CO  is  made  more  evident  by  a  further  con- 
sideration of  the  reactions  affecting  these  two  constituents.  It  has 
been  pointed  out  that  when  CO,  formed  by  the  reaction  of  equation  1 
has  further  opportunity  to  react  with  glowing  carbon  the  reaction 
of  equation  3  (C03+C«2CO)  takes  place  if  the  time  of  contact  and 

---ir'-  -■  --.,---.  -  -  -  _  _  Ml  M ^^^. 

I  Qement,  J.  K.,  Adtaxa,  L.  H.,  and  Haskliis,  C.  N.,  Essentlftl  factors  in  the  fonnation  of  producer  fas: 
Butt.  7,  Boraui  of  Mins,  1911,  p.  42. 


BITUMINOUS  COALS  AS  WATBR-6AS  GENBRATOR  FUBL. 


temperature  are  favorable.  Therefore  the  reactions  of  equations  1 
and  3  together  are  equivalent  to  the  reaction  of  equation  2  (C+H,0  « 
00 +H,),  as  stated.  Thus,  when  the  gases  from  the  water-gas 
generator  are  analyzed,  it  is  impossible  to  say  how  much  of  the  carbon 
monoxide  present  was  formed  by  the  reaction  of  equation  2  or  by  the 
combined  reactions  1  and  3;  however,  the  conditions  affecting  the 
final  resxdt  are  much  the  same  as  shown  in  Table  3.' 

Table  3. — CompoaiHon  of  a  mixture  of  CO  and  CfO^^  Vfhen  in  equiUbrium  Ufith  coke 

under  a  pressure  of  one  atmosphere. 


Temperature. 

Percent 
CO. 

Per  cent 
COi. 

•c. 

•F. 

900 

1,6S2 

88.2 

16l8 

1,000 

1,832 

Oi.5 

5.5 

1,100 

2,012 

tt.1 

LO 

1,200 

2,iia 

M.4 

.6 

1,300 

2,372 

M.7 

.3 

This  table  shows  the  effect  of  temperature  on  the  percentages  of 
OO2  and  00  which  can  exist  in  equilibriimi  with  hot  coke.  It  will 
be  noted  that  as  the  temperature  is  increased,  more  of  the  OO,  is 
reduced  by  the  coke  to  00,  until,  in  the  neighborhood  of  1,300^  0., 
practically  all  of  the  CO,  has  been  reduced  to  CO.  It  should  be  borne 
in  mind  that  the  time  of  contact  of  the  gases  with  the  hot  carbon 
has  not  been  considered  here.  All  the  time  needed  to  effect  an 
equilibrium  has  been  allowed.  The  percentages  of  CO  are  the  highest 
possible  at  the  given  temperatures,  regardless  of  the  length  of 
time  allowed.  Experiments  have  shown  that  at  the  lower  tempera- 
tures the  reduction  of  CO,  to  CO  according  to  equation  3 
(CO,  4-0= 200)  proceeds  very  slowly.  For  example,  when  00,  was 
passed  through  coke  heated  to  900^  0.  only  13  per  cent  of  CO  was 
formed  with  80  seconds  contact,  while  142  seconds  contact  were 
required  to  produce  27.6  per  cent  of  CO.  Table  4  shows  the  effects 
of  the  time  of  contact  on  this  reaction  at  various  temperatures. 

Time  is  an  important  factor  in  all  chemical  reactions,  and  its 
relation  to  the  reactions  in  a  water-gas  generator  should  be  well 
understood.  In  Table  4  are  shown  the  effects  of  changes  in  time  of 
contact  and  in  temperature. 

Table  4. — Rate  offomuUion  of  CO  from  CO^  and  cohe. 

AT  A  TEMPBBATURB  OP  900**  O.    (l,652**  P.). 
Time  of  Pwent 

coDtact,  of  CO 

seooods.  obeerred. 

142.0 27.6 

80.2 13.1 

43.9 9.4 

16.1 4.9 

9.6 2.6 

3.7 8 

■ClaiiMit,  J.  K.,  Adams,  L.  H.,  and  Haektiia.  C.  N.,  wortc  Qltad,  p.  M. 
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AT  A  TBMPBRATUBB  OF  1,000^   O.    (l,832^   F.). 

123.2 7&4 

80. 26 64. 4 

33.25 62.9 

1&  72 32. 0 

6.37 13.9 

4.1 11.5 

8.07 9.2 

L98 8.3 

AT  A  TEMPERATURE   OF   1,100®  O.  (2,012®  F.). 

90.0 97.1 

29.92 85.4 

13.2 66.1 

e.765 56.6 

3.198 31.7 

1.784 30.4 

1.66 24.0 

L59 22.1 

1.462 21.4 

0. 962 13. 3 

AT  A  TEBfPERATURE  OF   1,200®  O.  (2,192®  F.). 

1&92 98.9 

12.7 97.8 

&26 95.3 

2L402 68.6 

L682 43.9 

1.08 33.5 

AT  A  TEMPERATUBB  OF  1,300®  O.  (2,372®  F.) . 

8.86 99.9 

4.149 97.9 

2.1 93.2 

L13 83.4 

NaU.^TbA  pcroentaCM  of  CO  clvoi  In  TftUe  2  do  not  roprasetit  the  percentage  of  CO  in  the  finished  gas. 
Reaotlm  3  is  considered  hy  itseli  in  this  tahle  and  the  CO  shown  is  the  amount  produced  when  COf  is 
passed  through  incandescent  coke  with  the  time  of  contact  and  at  the  tempentures  given. 

In  the  practical  operation  of  a  water-gas  machine,  obviously  only 
a  few  seconds  at  most  can  be  allowed  for  the  reactions  to  take  place 
in  the  generator.  Since  at  the  lower  temperatures  a  prolonged  time 
of  contact  is  necessary  and  at  higher  temperatures  the  reactions  take 
place  almost  instantaneously,  the  necessity  for  maintaining  high 
temperatures  in  the  generator  is  evident. 

When  reactions  1  and  3  are  considered  together  and  a  high  fuel 
temperature  is  assumed,  the  resulting  products  of  the  reactions  are 
chiefly  00  and  H,,  as  expressed  by  reaction  2.  The  amount  of  00, 
present  in  water  gas  then  depends  on  the  time  the  gases  are  in  con- 
tact with  the  glowing  coke,  as  well  as  upon  the  temperature  of  the 
coke.    In  other  words,  at  high  temperatures  and  with  a  fuel  bed  of 
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sufficient  depth,  reaction  2  or  its  equivalent  takes  place,  while  at 
lower  temperatures  or  with  a  short  time  of  contact  (exemplified  by 
very  low  fuel  bed  and  excessive  ash  accumulations  in  the  generator) 
more  of  reaction  1  takes  place  simultaneously  with  reaction  2.  During 
the  steam  run  the  temperature  of  the  fuel  in  the  generator  drops 
considerably,  the  reaction  velocity,  or  rate  at  which  the  steam  and 
carbon  combine  to  form  gas,  being  decreased  simultaneously.  Ex- 
pressed in  other  terms,  more  steam  passes  through  the  fuel  undecom- 
posed  as  the  temperature  in  the  generator  decreases.  This  fact 
must  be  given  due  consideration  when  an  operating  cycle  is  worked 

out. 

BLASTnro  rnxL  with  air. 

After  the  steam  run  is  made,  it  is  necessary  to  bring  the  temperature 
in  the  generator  up  to  the  desired  temperature  before  another  run 
can  be  made.  This  is  done,  in  present-day  processes,  by  blasting 
the  fuel  with  air.  Air  is  a  mixture  of  20.9  per  cent  of  oxygen  (O,) 
by  volume  and  79.1  per  cent  of  nitrogen  (N,).  Nitrogen,  being  an 
inert  gas,  does  not  enter  into  the  reaction.  The  principal  chemical 
reactions  that  take  place  during  blasting  are  as  follows: 

4.  C+02  =  C0,. 
3.  C0j  +  C=2C0. 

In  blasting  fuel  with  air,  the  oxygen  of  the  air  combines  with  the  C 
to  form  CO,  as  expressed  in  reaction  4.  All  the  oxygen  of  the  blasted 
air  combines  with  carbon  (at  the  usual  prevailing  temperatures) 
before  it  has  gone  very  far  through  the  fuel  bed;  thus  the  zone  of 
complete  combustion  is  close  to  the  gi:atee  and  represents  but  a  small 
percentage  of  the  fuel  bed.  As  the  CO,  that  is  first  formed  passes 
up  through  the  incandescent  fuel,  it  combines  further  with  carbon  to 
form  CO,  as  in  reaction  3  already  mentioned.  When  the  blast  is 
started,  directly  after  the  steam  run,  the  fuel  is  not  hot  enough  for 
the  completion  of  reaction  3  with  the  usual  time  of  contact  that  pre- 
vails during  blasting. 

The  curves  of  Figure  1,  plotted  from  analyses  made  during  actual 
operation,  show  the  effect  of  changes  in  temperature  of  the  fuel  bed  on 
the  CO,  content  of  the  gases  made  during  the  blow  and  during  the  run. 
It  is  noted  that  during  the  blow  the  fuel  temperature  increases  and  the 
CO,  content  decreases,  while  during  the  rim  the  fuel  temperature 
decreases  and  the  CO,  content  of  the  gas  increases.  CO  is  the  chief 
combustible  constituent  of  the  blast  gases  that  are  bumed  in  the 
carburetor  and  superheater  by  the  admission  of  secondary  air.  It 
may  be  expected  from  the  foregoing  that  a  change  from  coke  to  a 
high-volatile  fuel  may  upset  the  heat  bailee  in  a  water-gas  set  by 
increasing  the  amount  of  combustible  gas  to  be  bumed  by  t^e  second- 
air  in  the  carburetor  and  superheater    It  is  not  intended  to  rep- 
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resent  these  re&ctionB  as  die  only  ones  occurring  in  a  water-gas 
generator.  Other  reactions  take  place  to  a  limited  degree  in  addition 
to  those  in  the  volatile  matter  that  may  be  present  in  the  original 
fuel,  but  they  will  not  be  mentioned  here,  since  the  prime  factors 
have  been  given. 

Each  of  the  fonr  reactions  that  have  been  discussed  above  is 
accompanied  by  a  transfer  of  heat.  When  reaction  4  takes  place  it 
evolves  heat — is  exothermic.  All  the  other  reactions  proceed  with 
an  absorption  of  heat  and  are  therefore  endothermic. 


TOttt  OF  TAKINO  BLOW-RUN  SAMPLE,  UNUTES. 
Fiauu  1.— Cubon  dlodde  (CO,)  In  gucs  sampled  at  gerunlorlld  durblg  blov-nio  period. 

According  to  these  reactions,  a  de^te  amount  of  carbon  is  con- 
sumed in  the  production  of  1 ,000  cubic  feet  of  blue  gas.  Hi  practical 
operation,  the  amount  of  fuel  required  per  1,000  feet  is  considerably 
more  than  that  indicated  by  the  equations,  since  heat  losses  inevitably 
occur.     These  heat  losses  include — 

1 .  Losses  as  sensible  heat  in  the  blue  and  blast  gases  which  leave 
the  generator  at  high  temperature. 

2.  Losses  due  to  unconsumed  fuel  and  sensible  heat  in  the  ashes 
Eonoved  from  the  generator. 

5,  Losses  due  to  the  latant  heat  of  vaporization  of  water  in  the  fuel. 
4.  Losses  due  to  radiation  and  convection  from  the  generator. 
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sufficient  depth,  reaction  2  or  its  equivalent  takes  place,    ^virhile  at 
lower  temperatures  or  with  a  short  time  of  contact  (exemplified  by 
very  low  fuel  bed  and  excessive  ash  accumulations  in  the  generator) 
mcnre  of  reaction  1  takes  place  simultaneously  with  reaction  2.   During 
the  steam  run  the  temperature  of  the  fuel  in  the  generator  drops 
considerably,  the  reaction  velocity,  or  rate  at  which  the  steam  an<f 
carbon  combine  to  form  gas,  being  decreased  simultaneously.      Ex- 
pressed in  other  terms,  more  steam  passes  through  the  fuel  iindecom- 
posed  as  the  temperature  in  the  generator  decreases.     This   fact 
must  be  given  due  consideration  when  an  operating  cycle  is  worked 
out. 

BLASTDIO  FURL  WITH  AIR. 

Aftftr  the  steam  run  is  made,  it  is  necessary  to  bring  the  temperature 


J  ^.^.^^ 


BBBATA. 


Paqb  9.  Figure  1,  bottom  lettering  "  Tim*,  nf  tm-.      ^, 

should  read  "  Time  of  taklmf'blow  «n,f  *"    '°""'"""  '*'"P'«'  »"»"««• " 

XlUe  to  Figure  1.  "  cSSon  dtxVe  fco  >  T"'""''  '""'"'^^" 
lid  during  blow-run  perio^^houW  r-^  '  V"  k^""**  *''°P'«'  "  generator 


form  CO,  as  in  reaction  3  already  mentioned,  wneu  uio  uxa^v  .u 
started,  directly  after  the  steam  run,  the  fuel  is  not  hot  enough  for 
the  completion  of  reaction  3  with  the  usual  time  of  contact  that  pre- 
vails during  blasting. 

The  curves  of  Figure  1,  plotted  from  analyses  made  during  actual 
operation,  show  the  effect  of  changes  in  temperature  of  the  fuel  bed  on 
the  CO,  content  of  the  gases  made  during  the  blow  and  during  the  run. 
It  is  noted  that  during  the  blow  the  fuel  temperature  increases  and  the 
CO,  content  decreases,  while  during  the  rim  the  fuel  temperature 
decreases  and  the  CO,  content  of  the  gas  increases.  CO  is  the  chi^ 
combustible  constituent  of  the  blast  gases  that  are  burned  iD  ^^ 
carburetor  and  superheater  by  the  admission  of  secondary  air.  I^ 
may  be  expected  from  the  foregoing  that  a  change  from  colce  to  a 
high- volatile  fuel  may  upset  the  heat  bailee  in  a  water-gas  set  by 
increasing  the  amount  of  combustible  gas  to  be  burned  by  t£e  secoud- 
air  in  the  carburetor  and  superheater    It  is  not  intended  to  rep* 
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resent  these  reactione  ae  the  only  ones  occurriiig  in  a  water-gaa 
generator.  Other  reactions  take  place  to  a  limited  degree  in  addition 
to  those  in  the  volatile  matter  that  may  be  present  in  the  original 
tud,  but  they  will  not  be  mentioned  here,  since  the  prime  factors 
have  been  given, 

Each  of  the  font  reactions  that  have  been  discussed  above  is 
accompanied  by  a  transfer  of  heat.  When  reaction  4  takes  place  it 
evolves  heat — is  exothermic.  All  the  other  reactions  proceed  with 
an  absorption  of  heat  and  are  therefore  midothermic. 


TDIE  or  TAEINO  BLOVT-BDN  SAMPLE,  HINUTES. 
nans  I.— Carbon  dioxide  (COi)  In  gasea  sampled  at  generator  ltd  diulDg  blow-run  period. 

According  to  these  reactions,  a  d^nite  amount  of  carbon  is  con- 
sumed in  the  production  of  1,000  cubic  feet  of  blue  gas.  Ih  practical 
operation,  the  amount  of  fuel  required  per  1,000  feet  is  considerably 
more  than  that  indicated  by  the  equations,  since  heat  losses  inevitably 
occur.    These  heat  losses  include — 

1.  Losses  as  sensible  heat  in  the  blue  and  blast  gases  which  leave 
the  generator  at  high  temperature. 

2.  Loss^  due  to  unconsumed  fuel  and  sensible  heat  in  the  ashes 
removed  from  the  generator. 

-  3.  Loesea  due  to  the  latent  heat  of  vaporization  of  water  in  the  fuel. 
4.  Losses  due  to  radiation  and  convection  from  the  generator. 
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5.  Losses  of  heat  during  iay<K>ver  periods  when  no  gas  is  being  niade. 

6.  Losses  due  to  combustion  of  fuel  during  fire-«leanjng  periods. 

7.  Losses  due  to  the  use  of  excess  steam  during  the  steam  run. 
These  losses  must  inevitably  be  different  in  various  plants  where  the 

kind  and  size  of  sets,  daily  operating  time,  weather  conditions,  and 
fuels  are  dijfferent.  A  study  of  the  thermal  properties  of  these  reac- 
tions serves  to  point  out  the  maximum  fuel  efficiencies  that  can  be 
realized  in  practical  operation. 

There  is  some  difference  in  nomenclature  in  the  designation  of  the 
gases  produced  in  a  set  during  the  blow  period.  In  this  publication 
the  gases  produced  in  the  generator  during  the  blow  are  termed 
^' blast  gases''  while  the  gases  leaving  the  set  at  the  stack  during  the 
blow  are  termed  ''stack  gases." 

While  for  convenience  of  calculation  it  is  usually  assumed  that  the 
fuel  entering  into  the  reactions  is  pxu*e  carboui  due  allowance  for 
moisture,  ash,  and  volatile  combustible  matter  must  always  be  made 
in  applying  any  conclusions  based  on  the  above  reactions  to  practical 
operation.  No  attempt  is  made  in  this  paper  to  present  in  detail 
the  calculations  by  which  the  practical  efficiency  in  a  given  case  is 
computed.  Those  principles  only  are  presented  upon  which  the  cal- 
culations are  based  and  from  which  some  of  the  results  are  obtained 
in  a  particular  case. 

The  amount  of  heat  evolved  or  absorbed  in  each  reaction  is  equal 
to  the  difference  between  the  heat  of  combustion  of  the  reacting 
materials  and  that  of  the  products  of  the  reaction.  If  the  heat  of 
combustion  of  the  products  formed  is  greater  than  the  heat  of  com- 
bustion of  the  reacting  materials,  this  is  evidence  that  heat  is  absorbed 
in  the  reaction.  If  the  heat  of  combustion  of  the  products  is  less 
than  that  of  the  reacting  materials,  then  heat  is  evolved. 

If  equation  2  is  expressed  in  terms  of  the  weight  in  even  pounds  by 
which  the  various  members  combine,  the  following  equation  results: 

12  lbs.  C-f- 18  lbs.  H,0-28  lbs.  00+2  lbs.  H,. 
From  this  amount  of  fuel  755  cubic  feet  of  gas  are  produced,  con- 
sisting of  equal  volumes  of  H^  and  CO. 

The  heat  of  combustion  of  carbon  in  the  formation  of  CO  is  4,350 
B.  t.  u.  per  pound  of  carbon;  that  of  H,  in  the  formation  of  water  is 
61,523  B.  t.  u.  per  pound  of  H,.  Knowing  these  values,  the  amount 
of  heat  to  be  supplied  by  the  generator  for  reaction  2  can  be  cal- 
culated approximately  as  follows : 

B.t.u. 

Heat  of  combustion  of  2  lb0.  of  H«-i2X61,523 123,046- 

Heat  fumiahed  by  the  fomiatioii  of  28  lbs.  of  00-il2  X4,360 52, 200 

Heat  abeorbed 70,846 

AflBuming  that  the  water  waa  steam  at  100  Iba.  prennre  it  has  already  re- 
ceived 18X1153.0  B.  t.  u 20,770 

The  total  heat  absorbed  in  the  fomiatlon  of  755  cu.  ft  of  gas  produced 

acoovdlng  to  equaiko  2  i« 50,076 


f 
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Approximately  100  per  cent  more  steam  is  actually  used  in  water-gas 
generation  than  is  shown  by  the  theoretical  chemical  reaction.  This 
steam,  in  passing  through  the  fuel  bed  imchanged,  absorbs  heat 
and  must  therefore  be  considered  when  arriving- at  an  absolute  heat 
balance.  Likewise,  there  must  be  considered  the  sensible  heat  of 
the  gases. 

The  total  heat  must  be  supplied  by  the  combustion  of  fuel  in  the 
generator.  The  amount  of  heat  necessary  for  the  production  of 
1,000  feet  of  this  gas  is: 

(1,000-^766)  X  (50,076)  «66,300  B.  t.  u. 

It  is  estimated  that  reaction  1  (C + 211,0  »  CO,  -f-  2H3)  takes  place 
in  practice  only  to  the  extent  of  about  5  per  cent  and  reaction  2  (Ch- 
H^O— OO+H,)  to  the  extent  of  approximately  96  per  cent  during  the 
run.  This  is  considered,  of  course,  in  calculating  the  fuel  con^ 
sumed  during  the  run. 

Reaction  1  is  expressed  in  pounds  as  follows: 
12  lbs.  0+36  lbs.  H,0-44  lbs.  00,4-4  lbs.  H,. 
In  this  instance,  the  combination  of  12  pounds  of  carbon  with  H3O 
produces  1,133  cubic  feet  of  gas,  of  which  one-third  by  volume  is 
00,  and  two-thirds  is   H,.     The  heat   balance   of   this    equation, 
developed  after  the  method  employed  for  equation  2,  is  as  follows: 

B.  t.  u. 
Heat  furnished  by  combuBtion  of  12  lbs.  of  carbon  burning  to  CO,  (12X14,544).  174, 528 
Heat  fumiahed  by  the  ateam  (36X1153.9) 41, 540 

Total 216,068 

Heat  of  combustion  of  Hj  (4X61,528) 246, 092 

Total  heat  to  be  furnished  by  combustion  of  fuel  in  generator  for  this 
reaction 30, 024 

A  heat  balance  can  be  similarly  developed  for  the  reactions  ex- 
pressed by  equations  3  ((X)2-fC=2CO)  and  4  (0  +  0,= CO,). 
Reaction  3,  expressed  in  pounds,  is: 

12  lbs.  C4-44  lbs.  003  =  56  lbs.  CO. 
Reaction  4,  expressed  in  pounds,  is  as  follows: 

12  lbs.  C-h32  lbs.  O,  «44  lbs.  CO3. 
This  is  the  primary  reaction  taking  place  in  the  zone  of  complete 
combustion  of  the  generator  during  the  blast.     The  heat  generated 
by  this  reaction  is : 

12x14,544  =  174,528  B.  t.  u. 
Reaction  3  is  a  secondary  reaction  and  the  extent  to  which  it  takes 
place  can  be  determined  only  by  analyses  of  the  gas.  The  net 
result  of  blasting  the  generator  can  only  be  determined  when  it  is 
known  to  what  extent  reaction  3  takes  place.  Since  reaction  4  is 
the  heat-producing  reaction,  it  is  evident  that  the  extent  to  which 
it  must  take  place  during  the  blow  period  to  supply  the  require- 
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ments  of  the  other  reactions  and  the  heat  losses  which  inevitably 
occur  in  practical  operation  will  depend  upon  a  number  of  variables, 
including  the  extent  to  which  each  of  the  heat-absorbing  reactions 
occurs.  By  assuming  tliat  each  of  these  reactions  occurs  in  definite 
amounts,  that  the  fue)  contains  a  definite  amount  of  inert  material, 
that  the  gas  and  blast  products  leave  the  generator  at  a  given 
temperature,  and  that  a  certain  amount  of  heat  is  lost  by  radiation 
and  convection,  and  in  oth^  ways,  it  is  possible  to  compute  what 
the  fuel  consumption  will  be  during  each  phase  of  operation. 

The  gases  usually  leave  the  generator  at  or  near  a  temperature 
of  1,400°  F.  and  when  the  net  result  of  blasting  the  generator  or  the 
effect  of  making  a  steam  run  is  to  be  estimated,  the  loss  due  to  the 
sensible  heat  of  the  gases  must  be  considered.  Computations  based 
upon  certain  assumptions  and  specified  conditions  have  been  made 
by  a  number  of  engineers.  The  coke  consiuned  per  1,000  cubic 
feet  of  blue  gas  made,  as  ocHnputed  by  Norton  H.  Humphreys  ^  from 
conditions  assumed  by  him,  may  be  sunmiarized  as  follows: 

Pomids. 

Coke  used  to  fonn  CO  and  CO3  duxing  run 17. 2 

To  supply  heat  carried  off  as  sensible  heat 11. 0 

Consumed  during  blow 12. 6 

Total 40.8 

In  determining  the  heat  losses,  especially  those  due  to  convec- 
tion, radiation,  and  the  sensible  heat  in  the  gases  leaving  the  generator, 
some  assumptions  that  are  based  upon  imperfectly  worked  out  data 
must  be  made.  For  example,  in  computing  the  heat  loss  as  the 
sensible  heat  of  the  gases,  the  heat-carrying  capacity  of  these  gases 
at  high  temperatures  must  be  known.  Although  various  values 
are  given  for  the  specific  heats  of  gases  at  high  temperatures,  con- 
sideration of  the  available  data  leads  the  authors  of  this  paper  to 
believe  that  the  specific  heats  taken  by  Mr.  Humphreys  may  be  a 
little  high  but  are  valuable  to  illustrate  the  problem  in  hand. 

REACTIONS  IN  CABBUBETOR  AND  SUFEBHEATEB. 

When  gas  oil  is  sprayed  into  the  carburetor  on  the  hot  checker 
brick,  it  is  decomposed  or  cracked.  The  final  products  of  decompo- 
sition depend  on  a  number  of  varying  conditions.  Some  of  the  more 
important  are  the  following: 

1.  Eond  of  oil  used. 

2.  Temperature  of  checker  brick. 

3.  Spacing  and  condition  of  checker  brick. 

4.  Quality  and  quantity  of  blue  gas  in  the  atmosphere  where  the 
oil  is  being  cracked. 

5.  Quantity  of  oil  cracked  per  unit  of  time. 

*  Hamphreys,  N.  H.,  Tbeniul  proUeiiis  for  gu  enginmrs:  Jour.  Oas  lic^tlng,  vol.  135,  pp.  30a-3M. 
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6*  Pressure. 

7.  £j£cieiicy  of  the  oil-spray  nozzle. 

When  some  of  the  conditions  affecting  the  efficiency  of  oil  cracking 
are  changed,  some  midesirable  restdts  are  occasionally  noted.  A  study 
of  all  the  results  obtained  under  varying  conditions  has  led  to  some 
interesting  deductions  and  to  a  better  understanding  of  the  reactions 
occurring  in  the  carburetor  and  superheater.  The  chemical  and 
thennal  reactions  taking  place  when  oil  is  cracked  are  more  numerous 
and  complicated  than  the  simple  reactions  taking  place  during  the 
production  of  blue  gas  in  the  generator.  In  addition  to  the  reactions 
of  the  oil-decomposition  products  among  themselves,  there  are,  under 
some  conditions,  reacticms  between  these  products  and  the  gases  from 
the  generator  (blue  gas). 

When  oil  is  cracked  in  the  usual  water-gas  process,  there  are  formed 
gas  and  varying  amounts  of  carbon,  tar,  naphthalene,  and  condens- 
able hydrocarbons.  Since  it  is  the  object  to  produce  the  maximum 
amount  of  gas  per  gallon  of  oil — consistent,  of  course,  with  the  quality 
of  gas  desired — with  a  minimum  amount  of  carbon,  naphthalene,  and 
tar,  the  conditions  governing  the  formation  of  each  are  of  as  much 
importance  for  the  successful  operation  of  a  water-gas  set  as  the 
factors  affecting  the  various  constituents  of  the  gas.  Some  of  the 
latter  are  discussed  here  in  the  order  given  above. 

EDffD  OF  OIL. 

The  kind  of  oil  used  has  considerable  bearing  on  the  results  obtained; 
hence  the  specifications  on  which  gas  oil  is  purchased  are  of  interest. 
It  is  not  uncommon  to  find  oil  purchased  according  to  the  specific 
gravity  (the  Baum6  reading) ,  or  according  to  the  viscosity  and  the 
Baum6  test.  Some  companies  fractionate  the  oil  and  collect  frac- 
tions every  100^  F.  up  to  700^  F.,  noting  the  condition  and  quantity 
of  the  fractions  and  of  the  residue.  This  residue  may  be  all  carbon  or 
coke  and  may  represent  a  small  per  cent  of  the  original  sample,  or  it 
may  be  a  heavy  oil  and  represent  either  a  large  or  a  small  per  cent  of 
the  sample.  Some  specifications  limit  the  amount  of  residue;  others 
demand  a  certain  uniformity  of  the  quantity  fractionating  at  the 
different  temperatures. 

Since  the  crude  oils  from  different  fields  are  not  alike,  their  distil- 
lates are  likewise  dissimilar.  Furthermore,  a  mixture  of  a  heavy  oil 
and  a  light  oil  will  produce  an  oil  with  an  intermediate  specific 
gravity  that  could  not  be  distinguished  by  a  Baumfi  hydrometer  from 
an  oil  of  the  same  gravity  with  a  constant  boiling  point. 

Sherman  and  Kropp*  report  that  the  heating  value  of  an  oil  varies 
with  its  specific  gravity.    They  state  that  the  formula : 
B.  t.  u.  per  pound  =  18,650  +  40  (B.— 10)»* 

and  Water  Supply,  Meeting  of  Dutch  Managen.^Report  of  committee  on 


»  Journal  of  Gas  Lighting  and  Water  f 
testing  of  gas  oils:  Vol.  116. 1011,  p.  643. 
te  B.  is  the  degree  Banme. 
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gave  results  within  1  per  cent  of  the  actual  on  more  than  60  oils  tested 
by  them.  Tests  made  since  by  others  have  shown  a  similar  relation. 
Attempts  have  been  made  to  make  use  of  this  in  grading  the  various 
oils,  but  the  B.  t.  u.  efficiency 

B.  t.  u-  in  the  gas  per  gallon  of  oil  used 
B.  t.  u.  ill  the  oil  per  gallon 
varies  to  such  an  extent  that  it  is  impossible  to  grade  gas  oils  this  way. 

When  consideration  is  given  to  the  characteristics  of  the  oils  from 
the  different  fields,  it  is  evident  that  there  is  no  simple  quick  tedt  which 
can  be  made  the  basis  for  assigning  the  correct  value  to  a  particular 
oil.  Some  of  the  known  properties  of  oils,  however,  are  helpful  in 
making  a  specification  or  in  choosing  between  two  oils  of  different 
quality  and  price. 

An  oil  of  high  viscosity  may  cause  some  trouble  in  cold  weather 
during  unloading  and  pumping,  requiring  the  use  of  steam  coils.  No 
relation  appears  to  exist,  however,  between  the  viscosity  and  the 
cracking  efficiency  of  an  oil. 

In  general  the  fractions  resulting  from  distillation  become  more 
valuable  fot  water-gas  manufacture  as  the  temperature  at  which  they 
distil  over  becomes  higher.  This  is  more  particularly  true  when  the 
fractions,  which  are  taken  off  for  every  100  degrees  up  to  700**  F., 
increase  in  volume  up  to  that  temperature.  However,  with  some 
oils  whose  maximum  fraction  comes  off  at  a  considerably  lower 
temperature  than  700°  F.,  the  volume  of  the  succeeding  fractions 
decreasing  rapidly,  the  high-boiling  fractions  have  been  shown  to  be 
inferior.  The  specific  gravities  of  these  fractions  help  to  assign  a 
value  to  an  oil.  The  value  of  any  fraction  increases — for  a  given 
boiling  point — as  the  specific  gravity  decreases.  When  a  gas  oil  of 
good  quality  is  distilled  to  a  carbon  residue,  the  coke  should  not 
exceed  2  per  cent. 

It  is  usually  considered  that  the  following  classes  of  hydrocarbons  in 
gas  oiLs  arc  valuable  for  enriching  in  the  order  named:  (1)  Parafliins; 
(2)  olefines;  (3)  naphthenes;  (4)  asphalties;  (5)  aromatics. 

Since  the  paraffins  are  the  best  gas-making  oils,  such  tests  as  sul- 
phonation  or  bromination  are  of  value  as  a  means  of  distinguishing 
between  the  amoimt  of  paxaffins  and  unsaturated  hydrocarbons  and 
aromatics  present.  A  low  bromination  value  indicates  a  high  per- 
centage of  paraffins. 

A  very  ingenious  method  of  comparing  gas  oils  was  devised  in  the 
Peoples'  Gas  Light  Co.  laboratories  and  described  in  the  proceedings 
of  Illinois  Gas  Association,  1916.  By  this  method,  oil  is  cracked  in 
the  laboratory  under  conditions  approximating  those  in  actual 
practice.  By  making  all  the  oil  tests  imder  the  same  conditions,  and 
allowing  the  same  time  of  contact  at  the  same  temperatures,  com- 
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parative  reBults  can  be  obtained.  In  this  article  are  given  the  results 
of  tests  made  on  more  than  a  dozen  oils,  including  such  tests  as  specific 
gravity,  degrees  Baum^,  visoosity,  jdaah  point,  burning  point,  distilla- 
tion results  (giving  fractions  for  each  100°  F.  up  to  700°  F,)^  bromine 
number,  B.  t.  u.  per  pound,  per  cent  sulphur,  and  cracking  results, 
which  include  B.  t.  u.  per  gallon,  per  cent  of  tar,  per  cent  of  gas,  per 
cent  of  carbon,  and  B.  t.  u.  efficieiaLcy.  In  addition,  a  study  was 
made  of  the  effect  of  changes  of  temperature  on  the  per  cent  of  car- 
bon, tar,  and  gas  formed,  and  curves  are  plotted  for  the  results. 
Table  12  (see  p.  67)  shows  the  effect  of  cracking  oil  in  different 
atmospheres,  such  as  nitrogen,  carbon  moJBK>xide,  and  hydrogen. 
The  results  obtained  by  the  use  of  this  apparatus  coincide  with  the 
conclusions  of  other  investigators,  who  have  also  pointed  out  the 
superiority  of  the  paraffin  hydrocarbons  for  carbureting  water  gas. 
The  sulphur  in  the  oil  varies  with  the  different  oils  and  may  be  as 
low  as  0.1  per  cent  or  as  high  as  2  per  cent.  The  value  to  be  put  on 
the  sulphur  test  wiU  naturally  depend  on  the  equipment  of  the  plant 
where  the  oil  is  to  be  used  for  removing  sulphur  from  the  gas.  The 
importance  of  this  test  will  have  to  be  judged  by  the  plant  superin- 
tendents, who  know  their  own  conditions  best,  The  amount  of 
sulphur  in  the  unpurified  carbureted  gas  is,  of  course,  not  directly 
proportional  to  the  sulphur  in  the  oil,  although  an  increase  in  the 
sulphur  content  of  the  oil  increases  the  per  cent  of  sulphur  in  the  gas, 
other  things  being  equal. 

TXMPBKATimX  OF  OKBOKSB  BBIOX. 

Regulation  of  the  temperature  of  the  checkerwork  in  the  car- 
buretor and  superheater  is  essential  for  efficient  oil  cracking.  The 
effect  of  the  temperature  on  the  cracking  of  oils  has  been  studied  by 
several  investigators  and  a  number  of  significant  facts  have  been 
pointed  out.  The  variety  of  conditions  under  which  the  various 
experiments  were  made  and  the  differences  in  the  oUs  tested  often 
make  absolute  quantitative  comparisons  difficult,  if  not  impossible. 
In  general,  it  may  be  said  that,  other  conditions  remaining  the  same, 
the  effects  of  temperatures  in  the  checker  chambers  on  the  results 
obtained  are  as  follows: 

1.  The  candles  per  gallon  reach  a  maximum  between  1,300  and 
1,350°  F. 

2.  The  percentage  of  illuminants  reaches  a  maximum  between 
1,300  and  1,400°  F. 

3.  The  per  cents  by  volume  of  methane  and  hydrogen  increase 
with  increasing  temperature. 

4.  The  volume  of  oil  gas  increases  with  the  temperature. 

5.  The  per  cent  of  carbon  formed  from  the  cracking  of  the  oil  in- 
creases with  the  temperature. 
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6.  The  per  cent  of  tar  foimed  decreases  with  increasiiig  tem- 
perature. 

7.  The  B.  t.  u.  per  gallon  of  oil  increases  with  the  temperatures 
and  quite  often  the  maximum  is  not  reached  under  1,500^  F. 

The  above  conclusions  apply^  in  general,  to  temperatures  up  to 
1,600^  ¥,j  which  is  about  the  upper  limit  of  the  experiments  made,  so 
far  as  data  are  available.  In  jdants  making  gas  to  a  heating-value 
standard,  it  would  seem,  on  consideration  of  the  above  facts,  that  the 
higher  the  temperature  carried  the  more  favorable  would  be  the 
results.  However,  the  fonnation  of  an  increasing  amount  of  carbon 
from  the  oil,  as  temperatures  increase,  and  an  increasing  fonnation 
of  naphthalene  preclude  the  possibility  of  operating  with  tempera- 
tures much  in  excess  of  1,400^  F.  With  excessive  temperatures, 
carbon  rapidly  clogs  the  interstices  between  the  checker  bricks  and 
the  offtake  connections  of  the  gas  set.  The  naphthalene  is  carried 
forward  some  distance  with  the  gas  and,  when  cooled,  is  deposited 
upon  parts  of  the  works  connections  and  of  the  distribution  system 
that  are  difficult  to  reach,  causing  serious  stoppages. 

It  is  therefore  generally  desirable  to  operate  with  as  high  a  tern- 
peratxire  in  the  checker  chambers  as  good  practice  has  shown  to  be 
consistent  with  the  above  facts.  Temperatures  between  1,300  and 
1,400  ^F.  seem  most  favorable  when  the  ordinary  gas  oils  are  used. 

There  are  many  gaseous  reactions  that  take  place,  or  may  take 
place  in  the  checker  chambers,  between  the  various  products  of  oil 
cracking.  The  reaction  velocity  is  different  for  the  various  reactions 
and  is  affected  by  the  temperature  and  other  variables.  Many  of  the 
primary  gaseous  reactions  have  been  studied  by  investigators.  W.  F. 
Rittman  *  discusses  some  of  these  very  completely  and  gives  the 
equilibrixun  constants  for  a  number  of  these  reactions  at  various 
temperatures. 

SPAOOrO  AVD  OOHDXTXOir  or  OKBOSX&  BBZOS. 

The  spacing  of  checker  brick  in  the  carburetor  and  the  superheater 
is  an  operating  detail  that  has  considerable  bearing  on  the  oil  crackiog 
efficiency.  The  bricks  absorb  the  heat  produced  during  the  combus- 
tion of  the  blast  gas  in  the  checker  chambers  and  give  up  the  stored 
heat  to  the  oil,  oil  gas,  and  blue  gas  during  the  run.  Increasing  the 
space  between  the  checker  brick  produces  the  following  results: 

1.  Decreased  number  of  brick  in  a  shell  of  given  size. 

2.  Decreased  smrface  exposed  for  contact  with  the  oil  v^or  and 
gas. 

3.  Decreased  quantity  of  heat  stored  at  any  given  temperaure. 

•  Rittnttn,  W.  F.r  Thatwtl  fieaotionB  in  Mrbnratiiig  water  gu.  New  York,  1&14;  Tbenaal  nacttons 
of  petnknoi  hydrocarbons  in  the  ^ipor  phase:  Joor.  Ind.  Eng.  Chem.,  yd.  7, 1016,  pp.  945-068;  UtiUsalico 
of  aromatlo  hydroearlMas  d«lved  Cram  grMked  petroleaai:  Joor.  Ind.  Eng.  Chem.,  voL  7,  IM,  pp.  1014- 
1010. 
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4.  Increased  per  cent  of  voids  or  free  space.  Other  things  being 
the  same,  further  results  of  this  change  are: 

a.  Decreased  intimacy  of  contact  of  the  oil  vapor  and  bricks. 
5.  Increased  time  of  contact. 

c.  Possible  decreased  temperature  of  the  gases  being  fixed  in 

the  carburetor. 

d.  Possible  increased  temperatiu*6  of  the  waste  gases  at  the 
stack. 

e.  Decreased  internal  resistance  in  the  set. 
/.  Decreased  linear  velocity  of  the  gas. 

g.  Decreased  intimacy  of  the  mixture  of  blast  gases  with 
secondary  air. 
All  of  these  variables  affect  the  cracking  of  the  oil.  They  are 
closely  interrelated,  and  since  in  practice  it  is  very  difficult  so  to  fix 
the  conditions  that  one  variable  at  a  time  can  be  studied,  it  follows 
that  present  knowledge  of  the  effects  to  be  attributed  to  each  of  these 
variables  is  very  incomplete.  In  discussing  them,  therefore,  tenden- 
cies only  can  be  indicated,  and  it  is  quite  impossible  at  the  present 
time  to  fix  the  magnitude  of  the  effect  to  be  attributed  to  each 
variable. 

XNTIMAOy  or  CONTACT. 

By  the  intimacy  of  contact  is  meant  the  thoroughness  with  which 
the  gas  comes  in  contact  with  the  surface  of  the  bricks.  An  increase 
in  the  spacing  decreases  this  intimacy  of  contact,  and  vice  versa. 
Although  the  extent  to  which  the  gas  comes  in  contact  with  the 
bricks  is  of  great  importance  in  the  practical  operation  of  a  water-gas 
set,  yet  it  is  difficult  to  assign  a  definite  value  to  this  variable  for  a 
given  set  of  conditions,  for  the  reason  that  a  change  in  the  spacing  of 
the  bricks  not  only  affects  the  intimacy  of  contact  but  produces  other 
changes  already  mentioned. 

The  surface  of  the  brick  has  an  effect,  be  it  catalytic  or  simply  a 
matter  of  heat  traaafeienee,  or  both,  on  the  cracking  of  the  oil,  and 
changes  with  a  change  in  intimacy  of  contact.  There  are  many 
ways  of  checkering  carburetors  and  superheaters,  and  with  some  of 
these  methods  the  intimacy  of  contact  can  be  changed  without 
changing  the  time  of  contact. 

Figure  2  illustrates  the  usual ''  staggered ''  checkering  which  com- 
pels the  gas  to  take  a  sinuous  coiu^e  in  passing  through  it.  With  this 
method  of  checkering,  a  change  in  the  spacing  of  the  bricks  directly 
influences  the  time  of  contact  and  other  variables. 

Figure  3  illustrates  checkering  in  what  is  known  as  flue  formation. 
The  bricks  are  not  staggered  but  are  laid  in  such  a  way  as  to  form 
niunerous  flues  through  which  the  gas  passes.  As  with  the  staggered 
formation,  a  change  in  the  spacing  changes  the  time  of  contact; 
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howevw,  a  change  from  the  system  shown  in  Figm-e  2  to  that  of 
Figure  3,  using  the  same  number  of  bricks  and  the  same  distance 
between  rows,  alters  the  intimacy  of  contact  without  affecting  the 
time  of  contact  of  the  gas.  la  changing  thus  from  the  arrangement 
of  Figure  2  to  that  of  Figure  3,  the  intimacy  of  contact  is  decreased. 
Tliis  means  that  during  the  blasting  period  the  blast  gases  pass  from 
the  stack  at  a  higher  temperattu'e  and  more  blasting  is  required  to 
bring  the  temperature  in  the  checker  chambers  up  to  the  desired 
degree,  which  results  in  an  increased  fuel  consumption. 

Intunacy  of  contact  can  be  changed  further  without  affecting  the 
time  of  contact,  gas  velocity,  and  other  variables,  by  chang^  the 


size  of  ihe  bricks.  For  example,  when  2^inch  bricks  spaced  4  inches 
apart  are  used,  the  intimacy  of  contact  is  not  nearly  so  great  as  when 
U-inch  bricks  spaced  2  inches  apart  are  used,  although  the  time 
of  contw:t  is  practically  the  same  in  each  case. 


The  time  of  contact  designated  in  this  paper  is  the  time  required 
for  any  given  molecule  of  gas  to  pass  through  the  checker  chambers, 
and  may  be  computed  as  follows: 

I  is  the  time  of  contact  in  seconds;  S  is  the  total  free  space  in  the 
checker  chambers  (when  checkered)  in  cubic  feet;  and  V  ia  the 
volume  of  the  gas  in  cubic  feet  flowing  through  the  checker  cham- 
bers per  second. 


Then,  I- 


V 
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The  time  of  contact  calculated  from  this  formula  represents  the 
time  the  gas  is  in  the  checker  chambers,  but  not  the  time  the  gas  is 
in  actual  contact  with  the  bricks. 

Available  information  on  this  subject  seems  to  be  meager,  due 
perhaps  to  the  fact  that  so  many  variables,  about  which  little  is 
known,  must  be  considered  at  the  same  time.  Another  reason  may 
be  that  the  time  of  contact  is  continually  varying  during  the  gas- 
making  period.  The  make  of  blue  gas  during  the  first  half  minute 
of  the  run  may  be  four  times  as  great  as  that  during  the  last  half 
minute.  Under  these  circumstances,  the  time  of  contact  is  increasing 
from  the  beginning  to  the  end  of  the  make  period,  while  the  velocity 
is  decreasing. 

Obviously,  as  the  spacing  between  the  bricks  is  widened  the 
volume  of  actual  free  space  within  the  checkerwork  increases,  and 
if  it  be  assumed  that  the  volume  of  gas  flowing  through  the  checker- 
work  in  a  given  time  remains  the  same,  it  is  evident  that  the  time 
of  contact  computed  as  stated  above  will  increase  and  the  gases  will 
remain  a  longer  time  within  the  checkerwork.  Time  is  an  important 
factor  affecting  the  completness  of  oil-cracking  reactions;  therefore, 
other  conditions  remaining  the  same,  the  longer  the  time  of  coniact,  the 
more  complete  the  oU  cracJcin^. 

When  oil  is  being  cracked  in  a  water-gas  carburetor,  intimate 
contact  is  desired ,  vnth  a  tim£  of  contact  sufficiently  great  to  gasify  the 
oU.  Too  great  a  time  of  contact  may  result  in  the  production  of 
naphthalene  or  of  lamp  black. 

EFFECT  OF   CHECKERING   ON   TEMPERATURE   OF  OASES   BEING  FIXED. 

A  change  in  the  spacing  of  the  checkerwork  changes  the  total 
volume  of  brick  and  consequently  the  total  heat  capacity  of  the 
checkerwork  at  any  given  temperature.  Since  the  heat  for  fixing 
the  oil  gas  is  derived  from  the  brick,  it  is  evident  that  with  a  smaller 
or  a  greater  amount  of  stored  heat  available  for  this  purpose  any 
given  volume  of  gas  will  be  heated  correspondingly  to  a  lower  or  a 
higher  temperature.  It  has  already  been  pointed  out  that  as  the 
spacing  of  the  checkerwork  is  widened  the  intimacy  of  contact  of 
the  gas  with  the  brick  surfaces  is  diminished,  and  consequently  there 
is  less  opportunity  for  the  heat  of  the  brickwork  to  be  transmitted 
to  the  gas  by  surface  contact.  This  alone  tends  to  decrease  the 
temperature  of  the  gas,  if  the  quantity  of  the  gas  in  both  cases  is 
the  same. 

EFFECT   OF  CHECKERING  ON  THE   TEMPERATURE   OF   STACK   GASES. 

The  bricks  of  the  checker  chambers  are  heated  by  the  combustion 
of  the  generator  blast  gases  when  the  secondary  air  is  admitted  to 
the  carburetor. 
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The  blast  gases  transmit  a  portion  of  their  heat  to  the  brick  during 
the  blow  period.  It  is  evident  that  any  increase  in  the  spacing  of 
the  checker  brick  decreases  the  number  of  bricks  that  can  be  placed 
in  the  space  allotted  for  checkerwork.  Consequently,  with  wider 
spacing  the  total  volimie  of  brick  decreases  and  with  it  the  total 
heat  storage  capacity  of  the  brickwork  decreases  for  any  given 
temperature.  Since  the  brickwork  can  not  absorb  so  much  heat 
from  the  blast  gases  per  imit  of  time,  the  temperature  of  the  gases 
leaving  the  machine  will  be  higher  and  the  loss  of  sensible  heat  in 
the  stack  gases  will  be  greater,  due  to  the  higher  temperature  now 
prevailing. 

EFTECT  ON  INTERNAL  RESISTANCE  OF  BET. 

When  the  checkerwork  is  more  widely  spaced,  the  percentage  of 
free  space  increases,  as  has  been  noted,  and  the  internal  resistance 
of  the  checker  chambers  to  the  passage  of  gas  decreases.  With 
given  air  pressures,  available  during  the  blast,  more  air  can  be  forced 
through  the  fire  as  the  internal  resistance  of  the  set  decreases.  This 
of  itself  is  an  advantage  if  the  wider  spacing  does  not  adversely  affect 
the  other  conditions  mentioned  above. 

DECREASED  VBLOdTT  OF  OAS. 

With  increased  free  space  and  consequent  increased  time  of  con- 
tact, the  linear  velocity  of  the  gases  passing  through  the  checker- 
work  necessarily  decreases,  since  the  total  volume  of  gas  passing 
per  unit  of  time  is  assumed  to  remain  constant. 

This  change  in  velocity  affects  the  deposit  of  dust-like  material 
carried  mechanically  by  the  gases  passing  through  the  checkerwork. 
Its  further  effects  on  temperature,  deposit  of  carbon,  and  efficiency 
of  cracking  are  intimately  connected  with  the  time  and  intimacy  of 
contact,  under  which  heading  they  have  been  discussed. 

EFFECT  ON   INTIMACY  OF  MIXTURE   OF  BLAST  GAS  WITH  SECONDARY  AIR. 

In  order  to  obtain  complete  combustion  of  the  generator  blast 
gases  in  the  checkerwork,  it  is  essential  to  have  an  intimate  mixture 
of  the  gas  and  the  secondary  air.  This  intimacy  of  mixture  is 
facilitated  by  the  many  impingements  made  by  the  mixture  on  the 
brickwork,  and  the  extent  of  this  impingement  decreases  as  the 
spaces  widen. 

QVAUHr  AND  aVAVTriT  or  BLUS  OA8. 

The  quality  of  the  blue  gas,  in  which  atmosphere  the  oil  is  cracked, 
affects  the  final  products  in  the  finished  gas.  Oil  has  been  cracked  in 
various  gas  atmospheres  on  a  laboratory  scale  and  the  results  have 
been  studied .    Downing  and  Pohlman  ^  state  that  at  the  temperatures 

f  Downing,  B.  C,  tad  Pacinian,  S.  F.,  CnoUng  of  gas  oils  in  various  htmoaph&ns:  Oas  Jour.,  vol.  137, 
1017,  pp.  34-90. 
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usually  prevailing  in  the  checker-work,  the  B.  t.  u.  content  per  gallon 
of  oil  used  is  greater  when  the  oil  is  cracked  in  blue  gas  of  good  qual- 
ity than  when  the  oil  is  cracked  in  CO,,  N,,  or  GH^  alone.  An 
increased  amount  of  CO,  in  the  blue  gas  lowers  the  B.  t.  u.  efficiency 
of  oil  cracking.  However;  it  was  pointed  out  that  the  B.  t.  u. 
content  of  the  gas,  per  gallon  of  oil  cracked,  is  greatest  when  there 
is  20  per  cent  steam  in  the  blue  gas.  It  seems  to  be  true  that  the 
oil  cracks  better  in  blue  gas  of  good  quality  than  in  that  of  poor 
quality,  which  gives  additional  incentive  to  produce  the  best  pos- 
sible grade  of  blue  gas  in  the  generator.  When  cracking  oil  in  blue 
gas  of  good  quality  at  the  usual  temperatures — 1 ,300  to  1 ,400^  F. — the 
quantity  of  gas  and  tar  is  greater  and  the  per  cent  of  carbon  formed 
is  less  than  when  the  cracking  takes  place  in  blue  gas  of  poor  quality. 
During  the  make  period  the  quantity  as  well  as  the  quality  of  blue 
gas  is  continually  decreasing,  while  the  per  cent  of  excess  steam  is 
usually  increasing.  The  efficiency  of  oil  cracking  is  affected  by 
these  factors  in  opposite  directions.  As  the  volume  of  blue  gas 
decreases  during  the  run,  the  concentration  of  the  oil  gas  increases 
(with  the  constant  input  of  oil),  and  the  time  of  contact  is  corre- 
spondingly longer,  which  tends  toward  the  formation  of  an  increasing 
amount  of  carbon.  Simultaneously  the  per  cent  of  steam  in  the 
blue  gas  is  increasing,  and  with  it  the  oil-cracking  efficiency  is 
increased,  with  a  diminished  tendency  to  deposit  carbon.  The 
degree  to  which  these  two  opposing  factors  offset  each  other  depends 
on  a  number  of  other  variables;  hence,  it  is  difficult  to  assign  definite 
values  to  them. 

The  quantity  of  oil  admitted  to  the  carburetor  per  imit  of  time 
affects  the  concentration  of  the  gas  in  the  carburetor,  as  well  as  the 
time  and  intimacy  of  contact  of  the  oil  gaa  with  the  checker  brick. 
This,  of  course,  directly  affects  the  yield  of  gaa,  tar,  and  carbon.  If 
oil  is  added  so  rapidly  that  the  surface  of  the  top  bricks  in  the  car- 
buretor is  cooled,  owing  to  the  conductivity  of  the  brick  being  too  low 
to  transmit  its  heat  to  the  surface  quickly  enough,  there  is  a  tend- 
ency for  distillation,  and  not  cracking,  to  take  place,  and  the  effect  ia 
a  deposition  of  a  coke-like  carbon  on  these  bricks.  This  tendency 
is  greater  with  some  oils  than  with  others.  In  fact,  the  quality  of 
the  oil  is  often  a  more  important  factor  than  the  rate  of  oil  input  in 
governing  the  quantity  of  tar,  carbon,  and  similar  substances  formed. 


All  gaseous  reactions  are  affected  in  some  degree  by  pressure. 
Rittman  has  shown "  that  when  in  the  cracking  of  oils  pressure  is 
increased, to  higher  than  atmospheric  the  f  oUowiag  results  occur:  First, 

a  RlttmaD,  W.  F.,  Tbenoal  reacUoiiB  in  wrbantlng  water  gM.   New  York,  1014. 
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ail  increased  amount  of  carbon  is  formed ;  second,  an  increased  vol- 
ume of  methane;  and  third,  a  decreased  volume  of  illuminants. 

The  temperature  of  cracking  and  the  extent  of  increase  of  pressure 
affects  the  results  just  given.  Although  slight  changes  in  pressure 
in  the  checker  chambers  of  a  water-gas  set  do  not  alt^  the  results  to 
any  extent,  the  tendencies  should  be  noted. 

EF7ICIEFCT  OF  THE  OIL  SP&AT. 

The  efficiency  of  oil  spraying  is  of  great  importance  in  water-gas 
manufacture.  The  spray  nozzle  usually  needs  more  attention  than  it 
gets.  When  the  carburetor  is  checkered,  great  care  is  usually  taken 
to  have  the  last  coiurse  (top  course)  of  checker  bricks  at  such  a 
height  that  the  nozzle  can  distribute  oil  uniformly  over  the  entire 
top  course.  However,  the  nozzles  themselves  are  not  always  tested 
to  see  that  they  are  performing  as  desired.  When  a  spray  spreads 
Uie  oil  too  heavily  in  certain  spots,  the  result  is  that  the  surfaces  of 
the  bricks  receiving  the  most  oil  become  cooler  than  the  adjacent 
bricks.  Distillation  takes  place  to  a  considerable  degree  around 
these  cooler  bricks,  and  a  deposit  of  carbon  forms  that  increases 
with  time.  While  this  part  of  the  checkering  is  being  choked  with 
carbon,  the  adjacent  bricks  may  become  so  hot  that  they  fuse  and 
run  together.  When  nozzles  of  proved  efficiency  are  not  in  use,  a 
change  of  nozzle  from  day  to  day  will  help  somewhat  in  overcoming 
this  undesirable  result. 

APPLICATION  OF  PRINCIPLES  TO  PRACTICAL  OPERATION  WITH 

LOW-VOLATILE  FUELS. 

In  the  forgoing  section,  the  operating  principles  discussed  have 
been  general,  and  although  their  interrelations  have  been  dealt 
with  to  a  certain  extent,  it  remains  to  be  shown  how  they  are  affected 
by  the  changes  and  conditions  of  practical  operation. 

Most  of  the  operating  variables  of  a  water-gas  plant  are  inter- 
dependent; in  other  words,  a  change  in  one  affects  many  others. 
That  this  is  true  has  been  realized  by  most  operators,  some  of  whom 
attempted  to  study  the  effects  of  various  changes,  considered  the 
problem  bewildering^  and  stopped  discouraged.  R.  P.  Harper  has 
listed  289  variables  and  indicated  their  interrelations  in  his  article 
in  the  American  Gas  Engineering  Journal.'  Some  of  these  variables 
are  listed  below,  although  no  attempt  is  made  to  enumerate  all  of 
them. 

•  Harper,  R.  P.,  Gas  machine  huetan  involved  in  the  manuficture  of  earbarated  water  gas:  Am.  Gas 
Ens.  Joat^  TOL  110^  1010,  pp.  312-316, 830-324. 
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a.  Blagt. 

Amoimt  of  air  blown  in  total  blasting  time. 

Quality — Dry  or  moiBt. 
6.  Steam. 

Quality — Dry  or  wet. 

Quantity  per  unit  of  time — Dependent  on  variable  steam  pressure  as  well  as 
intentional  change  in  valves. 

Total  length  of  steam  run. 

c.  Fuel. 

Kind — Physical  and  chemical  properties. 
Size — 

d.  Depth  of  fuel  bed. 

Amount  charged  at  a  time. 
Frequency  of  chaiging. 

e.  Cycle. 

Duration  of  blow. 

Duration  of  steam  run. 
/.  Proportion  of  up  and  down  runs. 
g.  Clinker  and  ash  in  generator. 

h.  Kind  of  oil  used  and  time  of  admiaeion  into  carburetor, 
t.  Condition  and  epadng  of  checker  bricks. 
j.  Efficiency  of  oil  spray. 

k.  Temperatures  maintained  in  carburetor  and  superheater. 
l.  Quality  and  quantity  of  blue  gas  made  in  generator  during  run. 
m.  CombinationB  of  the  above  variables. 

In  attempting  to  control  and  regulate  the  operating  variables,  it 
is  essential  from  a  practical  viewpoint  to  achieve  the  following: 

1.  Make  the  maximum  amount  of  standard  quality  gas  possible  per  day  or 
running  hour. 

2.  Use  the  least  amount  of  generator  fuel  possible  per  1,000  cubic  feet  of  gas 
made. 

3.  Use  the  least  amount  of  steam  possible  per  1,000  cubic  feet  of  gas  made. 

4.  Use  the  minimum  amount  of  oil  for  carbureting  per  1,000  cubic  feet  of  gas 
made. 

5.  Accomplish  these  four  purposes  with  the  lowest  possible  operating  and  main- 
tenance costs. 

Tlie  accomplishment  of  these  results  depends,  among  other  things, 
upon  the  maintenance  of  suitable  temperatures  in  the  generator  and 
checker  chambers.  The  various  processes  must  be  so  arranged  that 
all  the  chambers  attain  their  operating  temperatures  at  the  same  time. 
A  temperatiu*e  balance  between  the  various  parts  of  the  set  must  be 
created  and  preserved  within  reasonable  limits  at  all  times  during 
operation. 

AlAINTENANCE   OT  A   HOT   GENERATOR. 

The  maintenance  of  a  hot  generator  is  one  of  the  first  problems  to 
be  solved  in  applying  theory  to  practical  operation.  Tables  3  and  4 
(see  pp.  5  and  6)  show  the  necessity  of  maintaining  high  tempera- 
tures in  the  fuel  bed  for  efficient  operation. 
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When  endeavoring  to  preserve  the  desirable  high  temperature  in 
the  fuel  bed,  the  variables  affecting  this  temperature  must  be  given 
due  consideration.  Some  of  the  prime  factors  on  which  it  depends 
are  as  follows: 

1.  Airblaflt. 

Puration  of  blasting  period.     « 
Quantity  of  air  per  minute. 
Condition  of  air—dry  or  moist. 

2.  Steam  run. 

Duration  of  steam  run. 
Quantity  of  steam  per  minute. 
Dry  or  wet  steam. 

3.  Condition  and  depth  of  fuel  bed. 

Frequency  of  chazging. 

AIB  BLAST. 

Since  air  blasting  accomplishes  the  double  purpose  of  heating  the 
fuel  in  the  generator  and  heating  the  checker  brick  in  the  carburetor 
and  the  superheater,  it  is  well  to  keep  in  mind  the  conditions  governing 
reactions  4  (C+0a  =  C02)  and  3  ((X),+C=200)  given  on  page  8. 

The  length  of  the  blasting  time  depends,  of  course,  on  the  amoimt 
of  fuel  in  the  generator  and  the  quantity  of  air  per  minute  that  can 
be  forced  through  the  bed  with  the  available  blast.  The  zone  of 
complete  combustion  is,  normally,  that  part  of  the  fuel  bed  directly 
over  the  grates,  possibly  not  more  than  a  foot  in  depth.  The  thermal 
reactions  taking  place  above  this  zone  are  endothermic.  (See  reaction 
3  (CO3 +C  =  2C0)  on  page  3.)  Since  the  fuel  in  the  upper  part  of  the 
generator  is  not  heated  by  direct  combustion  of  the  fuel  but  chiefly 
by  convection,  it  is  evident  that,  other  things  being  equal,  the  rate 
of  the  blast  has  considerable  influence  upon  the  regulation  of  tempera- 
ture in  the  fuel  bed.  A  prolonged  blast,  with  a  low  blast  pressure, 
is  usually  not  so  desirable  as  a  high  blast  pressure  with  a  short 
blasting  period.  This  is  true  not  only  on  account  of  the  time  saved 
with  the  shorter  blasting  period,  but  also  on  account  of  the  better 
distribution  of  heat  through  the  fuel  bed. 

Moisture  in  the  air  blast  also  has  a  marked  effect  on  the  tempera- 
tm'es  in  the  generator.  Study  of  the  endothermic  reactions  1  and  2, 
on  page  3,  clarifies  this  point  and  emphasizes  the  desirability  of  dry 
air;  hence  great  care  is  usually  taken  that  the  exhaust  steam  from  the 
turbine  is  not  drawn  into  the  fan  or  the  blower. 

With  a  properly  timed  cycle,  as  much  heat  is  abstracted  from  the 
generator  fuel  bed  during  the  run  as  was  stored  in  it  during  the  blow. 
The  actual  duration  of  the  steam  nm  is  governed  by  the  quantity  of 
steam  admitted  per  unit  of  time.  It  is  desirable  to  use  steam  at 
such  a  rate  that  the  length  of  the  run  is  little  if  any  greater  than  the 
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length  of  the  blast  period,  when  average  blast  pressure  is  used. 
Decreasing  the  quantity  of  steam  and  increasing  the  steaming  time 
increases  the  time  of  contact  both  in  the  generator  and  fixing  chambers, 
which  may  or  may  not  be  advantageous,  according  to  existing 
conditions. 

The  steam  should  be  dry  or  as  free  from  moisture  as  possible. 
Water  that  condenses  in  the  main  steam-supply  lines  can  be  removed 
by  a  steam  separator.  Every  pound  of  water  entering  the  generator 
as  such  absorbs  approximately  971  B.  t.  u.  in  changing  from  water 
at  212°  F.  to  steam  at  the  same  temperature. 

In  order  to  maintain  the  desired  fuel  temperature  in  the  generator, 
the  quantity  of  air  and  steam  must  be  correctly  proportioned.  This 
is  best  accomplished  by  closely  studying  the  ill-effects  of  an  excess 
either  of  air  or  of  steam.  Consider,  for  example,  a  fresh  fire  operating 
with  a  3-minute  blast  and  a  3-minute  steam  run,  with  insufficient 
steam.  It  is  apparent  that  under  these  conditions,  in  which  not 
enough  steam  is  added  during  the  run  to  absorb  the  heat  stored  in 
the  generator  during  the  blast,  the  generator  fuel  will  become  hotter 
as  the  day  proceeds.  This  naturally  results  in  the  generation  of 
more  combustible  gas  (reaction  3  being  more  complete  at  high 
temperatures)  during  the  blast,  which,  if  burned  in  the  carburetor 
and  superheater,  increases  their  temperatures  to  an  imdesirable  degree. 
Even  if  the  temperature  in  the  checker  chambers  is  reduced  by  using 
an  excess  of  carburetor  air  blast,  the  waste  of  heat  in  the  blast  gases 
is  excessive  and  involves  the  consumption  of  additional  generator 
fuel  per  1,000  cubic  feet  of  gas  made.  Moreover,  the  excessive 
temperature  in  the  generator  brings  about  a  more  complete  fusion 
of  the  ash  and  occasionally  a  very  hard  clinker  may  be  formed. 

Operating  with  the  same  cycle  but  using  an  excess  of  steam,  or — 
what  amounts  to  it — an  insufficient  amount  of  air  blast,  the  opposite 
effects  are  noted.  The  generator  temperature  becomes  so  low 
that  the  CO,  formed  in  the  zone  of  complete  combustion  during  the 
blow  does  not  combine  further  with  carbon  to  form  CO  as  in  reaction 
3  on  page  8.  Insufficient  combustible  gas  is  therefore  produced 
during  the  blast  period  to  furnish  the  necessary  heat  for  the  carburetor 
and  superheater  and  the  temperatures  in  these  chambers  gradually 
decrease.  This  results  in  improper  cracking  of  the  oil  as  evidenced 
by  oil  showing  at  the  seal  pot  and  by  an  increased  oil  consumption 
per  1,000  cubic  feet  of  gas  made.  If  the  generator  becomes  cooler 
as  the  day  proceeds,  the  cUnker  is  not  usually  hard;  in  some  cases 
there  is  no  clinker,  but  an  accumulation  of  ash.  The  blue  gas  is  not 
so  rich  when  this  excess  of  steam  is  used.  Tables  1,  3,  and  4  show 
that,  at  the  reduced  temperatures  now  prevailing  in  the  generator, 
more  CO,,  less  CO,  and  an  increased  amount  of  undecomposed  steam 
will  be  present  in  the  blue  gas.    This  fact  is  utilized  in  some  plants  to 
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detennine  the  ^ciency  of  operation.  To  do  so,  the  finished  gas  is 
tested  for  COj.  An  increase  over  a  fixed  standard,  which  is  con- 
sidered to  be  a  satisfactory  one,  is  usually  taken  to  denote  the  use  of 
an  excessive  amount  of  steam  during  the  run. 

CONDITION  AND  DEPTH  OF  FUXL  BED. 

The  condition  of  the  fire  in  the  generator  not  only  affects  the 
temperatiu*e  in  the  generator,  but  the  output  or  ''make"  as  well. 
The  accumulation  of  ashes  leaves  a  decreasing  space  for  incandescent 
fuels,  hence  the  last  runs  before  cleaning  the  fire  (under  usual  operat- 
ing conditions)  are  made  with  less  incandescent  fuel  than  earlier  in 
the  day.  Since  the  same  cycle  is  usually  employed  throughout  the 
day,  it  is  obvious  that  the  quality  and  quantity  of  the  gas  produced 
are  affected  as  already  stated.  This  is  especially  the  case  when  an 
inferior  fuel  containing  a  high  per  cent  of  ash  is  used. 

When  too  many  runs  are  taken  off  a  chaige,  that  is,  when  the 
charging  interval  is  too  long,  the  fuel  in  the  generator  is  too  low 
for  a  considerable  part  of  the  day.  This  decreases  the  volume  of 
incandescent  fuel  in  the  generator,  and,  like  the  accumulation  of  ash 
in  the  generator,  results  in  a  decreased  quality  and  quantity  of  blue 
gas  being  made  during  the  run.  When  the  charging  interval  is  long 
and  the  ash  has  accumulated  rather  extensively,  the  results  are:  A 
marked  decrease  in  the  make  per  run,  an  increased  steam  consump- 
tion per  1,000  cubic  feet  of  gas  made,  and  an  increased  per  cent  of 
CO3  in  the  finished  gas. 

To  summarize,  it  may  be  said  that  since  a  high  temperature  in  the 
generator  fuel  bed  is  necessary  for  efficient  operation,  the  following 
facts  should  be  kept  in  mind: 

1.  As  deep  a  fuel  bed  as  possible  should  be  maintained  in  the 
generator  to  permit  a  greater  quantity  of  steam  to  be  decomposed 
and  to  allow  a  longer  time  of  contact  of  the  gases  with  the  incan-- 
descent  fuel. 

2.  Charges  should  be  made  often  enough  to  prevent  the  fuel  in  the 
generator  from  becoming  excessively  low,  for  the  same  reason  as 
in  1. 

3.  An  excessive  amoimt  of  ashes  or  clinker  should  not  be  allowed 
to  accumulate  in  the  generator. 

4.  The  air  blast  should  be  as  free  from  moisture  as  possible. 

5.  The  maximum  amount  of  available  air-blast  pressure  should  be 
used  at  the  generator  when  maximum  capacity  is  desired,  thereby 
obtaining  the  maximum  introduction  of  air  to  the  fire,  per  unit  of  time. 

6.  The  xkse  of  an  excessive  amount  of  steam  should  be  carefully 
avoided  during  steam  runs.  This  precaution  not  only  aids  in  main-- 
taining  the  proper  tem{>erature  in  the  generator,  but  helps  to  keep 
the  fuel  consumption  per  1 ,000  feet  of  gas  down  to  a  minimum. 
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7.  When  there  is  a  teudenoy  for  steam  to  condense  in  the  steam 
tines,  the  use  of  a  steam  separator  is  advisable. 

8.  The  steam  used  during  the  run  should  be  as  dry  as  possible. 

9.  Leaky  steam  valves  permitting  up  steam  to  enter  the  generator 
when  a  down  run  is  being  made,  or  vice  versa,  should  be  watched 
for  and  corrected  when  found.  Leaky  hot  valves  that  permit  steam 
to  by-pass  the  fire  should  also  be  avoided. 

10.  Dirt  and  carbon  should  not  be  allowed  to  accumulate  under 
the  gates  of  the  hot  valves. 

OTXBATIITa  CTCLB. 

The  selection  of  the  best  operating  cycle  is  an  individual  problem 
for  each  operator.  Since  the  quantity  of  air  and  steam  available 
per  unit  of  time  varies  to  a  considerable  degree  in  different  plants, 
it  is  obvious  that  a  fixed  standard,  such  as  a  3-nunute  blast  and  a 
4-minute  run,  or  a  4-minute  blast  and  a  S-minute  run,  can  not  be 
specified  for  all  cases.  Since  steam  produces  better  gas  at  the 
higher  temperatiu'es,  a  very  short  operating  cycle  would  be  desirable 
were  it  not  for  the  fact  that  operating  the  valves  requires  an  appre- 
ciable amount  of  time.  Figure  4  shows  graphically  the  relative 
amount  of  time  consumed  in  this  operation.  As  short  a  cycle  as 
possible  consistent  with  maximum  make,  is  desirable.  In  selecting 
a  typical  cycle,  take  as  an  example  a  3-minute  blast  using  all  the 
available  air.  Good  practice  has  shown  that  for  every  1,000  feet  of 
air  used,  approximately  21^  pounds  of  steam  are  required.  This 
ratio  of  steam  and  air  applies  only  to  low  volatile  fuels  and  varies 
somewhat  with  different  fuels  of  this  class.  However,  it  is  to  be 
noted  that  the  steam  used  per  1,000  cubic  feet  of  gas  made  in  prac- 
tical operation  is  nearly  double  the  amount  theoretically  required. 

Therefore  if  a;  —  the  air  per  minute  in  cubic  feet, 

3x  » the  tottd  air  during  the  S-minute  blast, 

1  rinn^  (21-5   pounds)  —total  steam  required  per  run,  or 

,         „      .      .  (3a:)  X  (21.5)  ,     , 

for  a  3-nunute  run  =  /ifinnwf^i  pounds  steam  per  mmute. 

If  the  steam  supply  is  not  great  enough  to  give  the  desired  amount 
of  steam  per  minute,  a  longer  run  than  3  minutes  will  be  required 
for  the  same  S-minute  blow.  When  a  3-minute  blow  and  a  S-minute 
run  are  employed,  it  may  be  asked,  "Why  not  use  a  2>minute  blow 
and  a  2-ininute  run  or  a  4-minute  blow  and  a  4-minute  run  ?"  The 
time  required  to  operate  the  valves  is  one  of  the  limiting  factors  in 
settling  this  point.  The  more  prolonged  the  cycle,  the  smaller  is 
the  percentage  of  time  required  for  changing  valves.  The  averse 
quality  of  gas  made  during  a  prolonged  run  is  not  so  good,  as  has 
already  been  mentioned.    As  the  cycle  is  shortened,  the  percentage 
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of  time  required  for  valve  operation  increases  as  shown  in  Figure  4, 
but  a  greater  portion  of  the  nm  ia  made  at  a  h^her  avea'age  generator 
temperature,  resulting  in  a  better  quality  and  greater  quantity  per 
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minute  of  blue  gas.  The  shortest  cycle  that  will  pennit  the  maxi- 
mum capacity  is  desirable.  Under  average  conditions  the  time  of 
the  complete  cycle  may  vary  from  4  to  9  minutes  when  good  results 
are  being  obtained. 


WLkCnCAL,  OPERATION  WITH  liOW-yOLATIIiE  FtTBLS.  29 

UP  BVVB  AHD  DOWV  BUVS. 

In  all  modem  water-gas  sets  the  direction  of  steam  through  the 
firp  during  the  run  is  reversed  at  regular  intervals.  This  reversal 
has  been  f oimd  to  be  advantageous  in  many  respects.  The  methods 
of  making  up  and  down  runs  vary  in  different  plants.  In  some 
the  steam  is  reversed  during  every  run,  making  so-called  *' split 
runs."  In  others^  the  down  runs  are  made  at  regular  intervals,  all 
other  runs  being  up  runs. 

Among  the  advantages  realized  from  these  reversals  are  the 
following: 

1.  The  clinker  can  be  caused  to  form  near  the  grates  where  it 
can  be  removed  more  easily. 

2.  The  upper  hot  valve  is  cooled  by  down  runs,  preventing  ovei> 
heating  during  the  up  run  and  blow  periods. 

3.  The  generator  fuel  is  consumed  more  completely,  less  imbumed 
fuel  being  removed  with  the  ashes  and  clinker. 

When  the  number  of  up  and  down  runs  is  correctly  proportioned, 
the  fuel  bed  is  in  a  better  gas-making  condition.  An  excessive 
number  of  down  runs  is  to  be  avoided,  since  these  would  result  in 
the  top  of  the  fuel  bed  being  unduly  cooled,  and  the  grates  would 
have  a  tendency  to  become  overheated. 

OLBAVnro  TKX  XIBE. 

The  accumulation  of  ash  and  clinker  in  the  generator  reduces  the 
make  per  run,  hence  efficiency  of  operation  requires  that  the  fire 
be  cleaned  at  as  frequent  intervals  as  will  permit  a  maximum  daily 
make  with  the  least  consumption  of  time  for  cleaning.  How  often 
the  generator  should  be  clinkered  must  be  decided  by  the  individual 
operators  and  depends  upon  the  fuel  used,  the  total  running  time, 
and  other  factors.  If  a  set  is  operated  18  hours  a  day,  clinkering  is 
usually  done  after  a  9-hoiu*  running  period.  If  14  hours  is  the  total 
day's  run,  the  clinkering  is  done  after  7  hours  running.  When  a 
fuel  with  a  very  fusible  ash  or  a  high  per  cent  of  ash  is  encountered, 
it  is  often  an  advantage  to  clinker  more  frequently.  Under  some 
conditions,  three  cleans  a  day  can  be  made  in  the  same  time  required 
for  two,  owing  to  the  fact  that  much  more  time  and  care  are  re- 
quired for  clinkering  when  the  clinker  becomes  very  thick  and  is 
high  in  the  generator.  A  clean  fire  is  essential  for  a  good  make 
and  for  the  generation  of  blue  gas  of  good  quality.  The  gas  maker 
is  usually  aware  of  the  condition  of  his  fire  even  when  the  figures 
for  the  make  per  hour  are  not  available  to  him,  since  the  increased 
resiBtance  of  the  fire  to  the  passage  of  air  through  it  causes  an 
increased  air  pressure  under  the  grates,  other  conditions  remaining 
the  same,  as  shown  by  the  water  gage,  and  at  the  same  time  the 
air  passing  throu^  the  firis  per  minute  is  decreased,  as  shown'  by 
the  air  meter. 


80  BITUMINOUB  GOALS  A8  WATER-GAS  GBNBRATOB  FUEL. 

CABBTJEirnON  OF  OAB. 

The  time  allowed  for  spraying  a  definite  amount  of  oil  into  the 
carbm^tor  directly  affects  the  time  of  contact  and  influences  the 
amount  of  gas,  carbon,  and  tar  formed.  If  the  checkerwork  of  a 
6-foot  set  occupies  150  cubic  feet  out  of  380  cubic  feet  total  interior 
volume  of  the  carburetor  and  superheater,  the  volume  of  the  remain- 
ing free  space  will  be  230  cubic  feet.  If  an  average  make  of  1,000 
cubic  feet  of  gas  per  minute  or  16  cubic  feet  per  second  at  ordinary 
temperatures  is  assumed,  this  will  be  equivalent  to  57.3  cubic  feet 
of  gas  at  1,400°  F.  The  time  of  contact  will  be  equal  to  the  volume 
of  free  space  in  the  checker  chambers  divided  by  the  volume  of  gas 

230 
passing  per  second,  or  ^„  »  «=4.0   seconds.    Toward  the  end  of  the 

run  the  make  falls  off  or  decreases  considerably.     It  may  be  as  low 

as  600  cubic  feet  of  gas  per  minute,  equivalent  to  35.8  cubic  feet  per 

second  at  1,400°  F.    The  time  of  contact  under  such  circumstances 

230 
would  be  -o7-o=»6.4   seconds.     Increasing  the  quantity  of  oil  added 

per  minute  increases  the  volume  of  oil  gas  and  consequently  the  total 
volume  of  gas  passing  through  the  checkerwork  per  unit  of  time, 
decreases  the  time  of  contact  of  the  gas  with  the  checker  brick,  and 
increases  the  concentration  of  the  oil  gas  formed. 

When  an  excessive  amount  of  oil  is  used,  the  time  of  contact  is 
unduly  decreased,  resulting  in  incomplete  cracking  of  the  oil  and  the 
production  of  an  excessive  amount  of  tar.  When  tiiis  occurs,  some 
undecomposed  oil  passes  through  the  checker  chambers  and  some 
appears  on  the  surface  of  the  water  in  the  seal  pot.  Decreasing  the 
quantity  of  oil  added  per  unit  of  time  increases  the  time  of  contact 
and  is  more  favorable  for  the  production  of  carbon  or  naphthalene. 
A  more  consistent  product  and  a  better  regulation  of  reactions  would 
be  obtained  if  the  production  of  blue  gas  were  more  imiform.  How- 
ever, a  desirable  feature  of  this  changeable  condition  is  that  the  time 
of  contact,  in  ordinary  operation,  is  shortest  at  the  beginning  of  the 
run,  when  the  temperature  in  the  checkerwork  is  the  highest.  In 
average  practice,  the  time  of  contact,  figured  from  the  total  make 
over  the  total  run  period,  is  usually  4  to  6  seconds.  The  most  desir- 
able time  of  contact  for  any  given  oil  under  particular  conditions  can 
best  be  ascertained  by  actual  test. 

It  is  often  stated  in  literature  pertaining  to  water-gas  manufacture 
that  2i  or  3  inches  is  a  "  nice  "  spacing  for  checker  brick.  CSieckering 
is  often  installed  without  the  slightest  thought  of  what  the  conse- 
quences of  increasing  or  diminishing  the  spacing  might  be.  The 
general  effect  of  changing  the  spacing  of  the  checker  brick  on  in- 
timacy and  time  of  contact  has  been  mentioned  on  page  17.    In  Figure 
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5 '"  is  shown  the  effect  of  changed  contact  time  on  the  make  at  dif- 
ferent temperatures.  While  these  curres  would  probably  be  different 
for  the  various  oils  used,  the  relation  of  the  curves  for  any  particular 
oil,  used  for  difFerent  contact  periods  would  probably  be  the  same. 


A  consideration  of  this  effect  and  a  study  of  the  results  and 
makes  obtained  with  a  particiUar  oil,  may  show  the  desirability  of  a 
change  in  the  spacing  of  the  checker  brick. 

laDUliattnUBitbaaUllntiaaoIiusUIimrbarMed  waMF«H  numi- 
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The  harmful  effects  of  poor  oil  distribiition  in  the  carburetor  have 
been  mentioned  in  a  previous  section.  In  practical  operation,  the 
continued  use  of  an  inefficient  oil  spray  occasions  more  frequent 
cleaning  or  recheckering  of  the  carburetor  aaid  increases  the  consump- 
tion of  oil  per  1,000  cubic  feet  of  gas  made.  It  is  worth  while  to  test 
the  "oil  sprays"  outside  the  carburetor,  using  water  or  oil,  for  the 
purpose  of  observing  the  character  of  the  spray  and  the  area  that  it 
covers.  In  making  the  test,  it  is  important  that  the  pressure  and 
distance  from  the  surface  sprayed  are  the  same  as  in  actual  use. 

OHAKQES  BROUGHT  ABOUT  3T  THE  USB  OF  BITUKINOUS  FUEI«8. 

SIZE  OF  COAL. 

The  size  of  the  fuel  charged  into  the  generator  has  direct  bearing 
on  gas  production,  whether  that  fuel  be  coke  or  coal.  Usually,  as 
the  size  of  the  fuel  increases,  the  resistance  to  the  passage  of  air 
through  the  fuel  decreases,  while  an  excessive  amount  of  very  fine 
fuel  has  the  opposite  effect  and  '^  chokes  the  fire."  As  the  size  of 
the  fuel  increases,  the  void  spaces  are  larger  and  fewer  in  number, 
and  the  intimacy  of  contact  of  the  gas  with  the  fuel  decreases,  when 
the  volume  of  air  used  per  minute  is  not  changed.  The  fuel  con- 
stantly decreases  in  size  as  it  bums,  and  the  rate  of  combustion 
varies  with  different  fuels  and  operating  conditions.  Attention 
here  is  confined  to  the  conditions  obtaining  when  bituminous  fuels 
are  used.  The  coking  property  of  many  bituminous  fuels  causes 
matting  of  the  fuel  in  the  generator,  which  tends  to  increase  the 
difficulties  of  calculating  the  correct  size  or  determining  one  best 
size  for  given  conditions.  It  can  be  said  that  for  a  fuel  of  given 
size  the  bituminous  coking  coal  offers  more  resistance  to  the  pas- 
sage of  air  through  the  fuel  bed  than  does  coke. 

EXPOSED  SURFACE  OF  FUEL. 

It  has  been  stated  that  the  fuel  surface  exposed  to  the  action  of 
air  and  steam  is  greater  with  coke  than  with  bituminous  coal,  due  to 
the  shape  and  porous  structure  of  coke.  The  belief  seems  to  be 
quite  common  that  the  usual  decrease  in  the  volume  of  gas  from 
bituminous  generator  fuel  is  due  to  this  fact  to  a  considerable  extent. 
The  author  is  of  the  opinion  that  practically  all  of  the  blue  gas  is 
made  from  the  coal  after  it  has  been  coked  m  the  generator  and  that 
little  is  made  by  the  action  of  steam  on  the  uncoked  coal.  It  has 
been  shown  by  Boudouard"  that  at  650^  C.  (1,202°  F.)  it  takes  12 
hours  contact  time  for  equilibrium  to  be  reached  between  CO,  and 
carbon,  and  at  the  end  of  this  time  only  39  per  cent  of  GO  is  formed 
from  100  per  cent  of  CO,.     It  is  quite  evident  that  practically  no 


u  Boudouard,  O..  Sur  la  dteampoattioa  da  Padda  oiilMDhioa  mi  preMDoada  cbarban:  Carnpt.  rend.,  t. 
19B»  1880,  pp.  8M-ffi6. 
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blue  gas  is  made  at  or  below  this  temperature.  Furthermore,  coal 
is  coked,  at  least  on  the  surface,  at  this  temperature.  Evidently  the 
surface  differences  between  coal  and  coke  do  not,  of  themselves, 
cause  a  great  difference  in  the  capacity  of  a  given  set. 

CHARACTERISTIC  PROPERTIES  OF  GOAL  AND  COKE. 

The  properties  of  bituminous  coal  are  quite  different  from  those  of 
coke,  and  it  is  not  surprising  that  these  differences  require  special 
consideration  when  the  one  is  substituted  for  the  other  as  generator 
fuel.     Some  of  these  differences  are  the  following : 

Coil.  Coke. 

Volatile  matter percent                30  to  40  3  to  8 

Moisture do 6  to  12  o5 

Ash: 

From  Illinois  coal do —                        10  16 

From  eastern  coking  coal do 6  9 

B.  t.  u.  perpound 11,500  to  13,000     12,000  to  13,500 

Caking  tendency  shown  when  heated  in  a  gener- 
ator               Variable.  None. 

a  Unless  f  rashly  quenched  or  standioc  in  rain. 

The  per  cent  of  ash  given  for  coke  is  greater  than  that  for  coal. 
When  coke  is  compared  with  the  coal  from  which  it  is  made,  this 
relation  is  correct.  However,  coke  made  from  eastern  coal  may  have 
less  ash  than  some  Central  District  bituminous  coals. 

EFFECT  OF  COKING  PROPERTIES. 

The  caking  or  coking  property  of  bituninous  coal  determines,  to 
some  extent,  the  operation  and  performance  of  a  generator.  It 
affects,  among  other  things,  the  quantity  of  air  per  minute  passing 
through  the  fire  with  a  given  blast  pressure,  the  size  of  the  fuel  charge, 
the  frequency  of  charging,  the  size  of  fuel  that  can  be  used,  and  the 
temperature  in  the  generator. 

When  a  coking  coal  is  being  blasted  volatile  matter  and  moisture 
are  expelled  from  the  coal  as  the  temperature  is  raised,  and  the  outer 
surface,  which  is  the  first  to  become!  hot,  b^ins  to  coke.  When  this 
coking  takes  place  there  is  a  natural  tendency  for  the  fuel  to  mat. 
This  mat  offers  more  resistance  to  the  passage  of  air  than  does  loose 
fuel,  and  if  means  are  not  found  to  prevent  caking,  the  resistance  to 
air  may  become  so  great  as  to  reduce  the  air  per  minute  of  blast,  at 
a  given  pressure,  as  much  as  20  per  cent.  Large  fuel  charges  at  long 
intervals  or  charges  of  small  fuel  accentuate  the  matting  tendency, 
while  with  smaller  and  more  frequent  charges  of  large  fuel  the  matting 
decreases.  The  matting  of  the  fuel  reduces  the  temperature  in  the 
generator,  due  to  the  decreased  amount  of  air  that  can  pass  through 
the  fuel  bed  per  minute  at  a  given  blast  pressure. 


34  BITUMINOUS  COALS  AS  WATBR^GAS  GBKERATOR  FUEIi. 

QUAUTT  OF  BLX7B  GAS  AND  BLAST  GAS. 

When  the  usual  operating  methods  applied  to  coke  are  employed 
with  bituminous  coal,  the  fuel  in  the  upper  part  of  the  generator  is 
ordinarily  not  heated  to  so  high  a  temperature  as  when  coke  fuel  is 
used.  This  top  fuel  is  being  distilled  during  the  run,  and  the  distilla- 
tion products  alter  the  composition  of  the  gas  leaving  the  generator. 
The  gases  produced  during  the  run  and  the  blow  with  coal  as  gen- 
erator fuel  are  therefore  different  from  the  gas  produced  by  coke  fuel. 
Analyses  of  these  gases  have  been  made  at  various  stages  of  the 
operation  and  are  given  on  page  35. 

When  fuel  is  blasted  in  a  water-gas  generator,  combustible  gas  is 
produced  which  is  burned  by  the  addition  of  secondary  air  in  the 
checker  chambers.  This  gas  is  produced  as  a  result  of  two  chemical 
reactions,  which  have  been  mentioned  previously  and  are  repeated 
here  for  clearness.  The  first  reaction  to  take  place  is  represented  by 
equation  4: 

4.  C  +  O,  =  00a. 

In  this  reaction  there  is  complete  combustion  of  the  carbon  to  OO,, 
which  is  not  combustible,  Tlie  heat  of  combustion  of  the  carbon  is, 
to  a  great  extent,  taken  up  or  absorbed  by  the  fuel  in  the  generator. 
As  this  fuel  becomes  hotter,  a  point  is  reached  where  the  CO,  com- 
bines further  with  carbon  and  produces  CO  as  in  equation  3 : 

3.  C02  +  C  =  2CO. 

The  CO  thus  generated  is  the  combustible  gas  that  may  be  bumed 
in  the  checker  chambers.  Aa  the  fuel  in  the  generator  becomes 
hotter,  reaction  3  talfes  place  to  a  greater  extent  until  practically  all 
of  the  OO3  produced  is  converted  into  CO  before  it  leaves  the  gener- 
ator. Since  there  is  only  20.9  per  cent  by  volume  of  oxygen  in  the 
air,  only  20.9  per  cent  of  carbon  dioxide  could  be  obtained  in  reaction 
4,  while,  according  to  equation  3,  41.8  volumes  of  CO  can  be  pro- 
duced from  20.9  volumes  of  CO,, 

When  a  fuel  containing  a  high  per  cent  of  volatile  matter  is  blasted, 
the  quai^tity  of  combustible  blast  gas  produced  is  increased  by  the 
amount  of  volatile  matter  driven  off  during  the  blow  if  other  condi- 
tions remain  the  same.  This  volatile  matter  usually  has  a  greater 
heating  value  per  cubic  foot  than  CO  has ;  hence  the  heating  value, 
as  well  as  the  volmne  of  the  blast  gas,  is  increased.  The  heating  value 
and  volume  obtained  depend  upon  a  number  of  variables,  including 
the  following : 

1 .  Kind  and  size  of  fuel. 

2.  Volatile  content  of  the  fuel. 

3.  Cycle. 
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4.  Tmiperature  attained  in  the  generator. 

5.  Rate  and  volume  of  generator  air  blast. 

The  following  average  analyses  are  typical  of  blast  gases  sampled 
at  the  generator  lid  with  coke  and  bituminous  coal  as  fuel: 

Table  5. — Avemge  composition  of  blast  gas  from  cole  and  bituminous  coal. 


Fuel. 

COi. 

Oi. 

m. 

CO. 

CHi. 

Ht. 

N,. 

Total. 

B.t.u. 

per  cubic 

foot. 

Coin 

Percent. 

lao 

7.8 

Percent. 
a4 

.0 

Percent. 

ao 

.3 

Percent. 
21.0 

18.7 

Percent. 
1.2 

3.2 

Percent. 

ao 

6.7 

PercenL 
67.4 

63.3 

Percent. 
100 

100 

90 

High  yolatUe  Utu- 
mbiousooal 

123 

Different  fuels  when-blasted  will  give  gases  of  different  composi- 
tion. The  above  table  merely  indicates  the  differences  in  compo- 
sition and  heating  value  that  may  be  expected  when  similar  fuels 
are  used. 

Similarly,  with-high  volatile  fuel  the  blue  gas  produced  during  the 
steam  run  is  different  in  quality  and  quantity  from  that  when  coke 
is  used.  The  quality  is  improved  by  the  volatile  matter  from  the 
coaly  the  extent  of  improvement  depending  on  the  amoimt  and  kind 
of  volatile  matter  in  the  fuel,  on  the  variables  just  mentioned  per- 
taining to  blast  gases,  and  on  the  quality  and  quantity  of  steam  used 
during  the  run.  The  following  average  analyses  are  typical  of  blue- 
gas  samples  taken  at  the  generator  lid  with  bituminous  high-volatile 
coal  and  coke  fuels : 

Table  6. — Analyses  of  blue  gas  sampled  at  generator  lid. 


Kind  of  fuel. 

co». 

0,. 

lU. 

CO. 

CH4. 

Hj. 

N,. 

Total. 

B.  t.ii. 

per  cubic 

foot. 

Coke 

Percent. 
6.7 

&0 

Percent. 
0 

0 

Percent. 

ao 

.5 

Percent. 
S&.7 

3a5 

Percent. 

as 

3.6 

Percent. 
63.0 

sao 

Percent. 
4.8 

7.4 

Percent. 
100 

100 

291.5 

Hlgb  ToUtile  bitu- 
mliioufl  ooal 

314 

As  shown  in  this  table,  the  quality  of  blue  gas  from  bituminous 
coal  is  higher  than  that  from  coke,  on  account  of  the  increased  per 
cent  of  hydrocarbons  present.  This  has  a  marked  effect  on  the 
amount  of  oil  required  for  carburetion  (see  p.  71). 

Other  conditions  remaining  the  same,  the  volume  of  blue  gas  pro- 
duced per  run  or  per  unit  of  time  is  usually  less  when  a  coking  bitum- 
inous coal  is  used  in  the  generator.  There  are  a  number  of  causes 
for  this  decreased  output,  of  which  the  following  are  probably  the 
most  important: 

1.  Increased  resistance  to  the  air  blast  offered  by  the  coking  coal 
in  the  generator  on  acooimt  of  the  tendency  to  mat. 
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2.  Decreased  yolume  of  air  per  unit  of  time,  with  the  same  blasting 
pressure,  causing  a  decreased  average  temperature  of  the  fuel  in  the 
generator. 

3.  Decreased  volmne  of  high-temperature  fuel. 

In  addition  to  the  above  a  number  of  other  factors  doubtless  influ- 
ence the  production  of  blue  gas.    Among  these  are  the  following: 
a.  Difference  in  friability  of  coal  and  coke. 
6.  Difference  in  conductivity  of  coal  and  coke. 

c.  Difference  in  rate  of  combustion. 

d.  Difference  in  clinker  conditions. 

The  relative  importance  of  these  factors  varies  with  different  fuels 
and  definite  values  can  not  be  assigned  to  any  particiilar  factor. 

EFFECT  ON  GABBTTRETOR  AND  StTPERHEATER. 

HEAT  BALAHCS. 

Since  the  blast  gas  is  richer  when  high-volatile  fuel  is  used,  a  shorter 
blast  is  reqiured  to  produce  a  definite  amount  of  heat  in  the  checker 
chambers  by  the  combustion  of  the  blast  gas.  This  means,  in  the 
final  analysis,  either  that  the  checker  chambers  become  too  hot  dur- 
ing the  course  of  the  day's  operating,  or  that  the  generator  becomes 
too  cold.  The  heat  balance  is  disturbed,  and  it  is  apparent  that  a 
different  cycle  or  a  different  method  of  operation  must  be  employed 
to  obtain  the  best  results  with  this  fuel. 

BBPOflOTS  XV  OBXOXBB  OKAJIBXmS. 

Occasionally  powdery  or  granular  deposits  of  carbon  have  been 
observed  in  the  checker  chambers,  more  particularly  in  the  super- 
heater. The  quantity  of  carbon  deposited,  whether  it  is  a  powder  or 
the  solid  deposit  often  found  in  the  carburetor,  depends  on  a  number 
of  variables,  including  the  kind  of  oil  used,  the  time  in  which  oil  is 
admitted,  the  spacing  of  the  checker  brick,  the  temperature  in  the 
checker  chambers,  the  temperature  in  the  generator,  the  kind  of  gen- 
erator fuel,  and  the  method  of  admitting  secondary  air  to  the 
carburetor. 

SFFBOT  ON  OIL  CRAOKZVQ. 

The  variable  conditions  affecting  the  cracking  of  oil  have  been  dis- 
cussed in  a  previous  section  (see  p.  16).  The  use  of  coal  as  generator 
fuel  changes  many' of  these  conditions,  with  a  consequent  effect  on 
the  efiiciency  of  oil  cracking.  The  chief  changes  brou^t  about  are 
in  the  quantity  and  quality  of  the  blue  gas  and  the  temperature  in  the 
cracking  chambers. 

SMOKE  PRODUOnON. 

The  production  of  smoke  is  a  characteristic  feature  of  bituminous 
coal  as  fuel.  Since  the  suifacafuel  in  the< generator  is  relatively  cool, 
the  fuel  emits  a  tarry  vapor  when  blasted.    If  tbe  avecage  l^mpera- 
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ture  of  the  generator  fuel  is  particularly  low,  the  gases  first  gener- 
ated on  blasting  are  chiefly  CO,  and  N,.  Since  this  mixture  is  incom- 
bustible it  is  difficult  to  bum  the  tarry  vapors  produced  with  these 
gases.  The  temperature  of  the  fuel  in  the  generator,  then,  has  con- 
siderable to  do  with  the  production  and  possibiUty  of  elimination 
of  smoke. 

ASH  AND   CUNKER  FOBMATION. 

With  the  lower  generator  temperature  that  ordinarily  prevails  when 
bituminous  fuel  is  used,  there  is  less  tendency  for  clinker  to  form  and 
a  greater  tendency  for  ashes  to  accumulate.  These  ashes  may  occupy 
a  greater  volume,  weight  for  weight,  than  the  clinker,  and  are  detri- 
mental to  the  quantity  production  of  good  water  gas.  However,  coal 
will  produce  a  very  hard  clinker  under  some  conditions,  and  the 
fusibility  of  the  ash  of  the  various  coals  diflfers  greatly. 

EFFECT  ON   PURIFICATION. 

If  the  gas  is  thoroughly  cleaned  before  it  reaches  the  purifying 
boxes,  there  is  no  reason  to  believe  that  the  efficiency  of  the  purifying 
process  will  be  affected  in  any  way  by  the  use  of  coal  fuel  unless  it 
contains  an  excessive  amount  of  sulphur.  On  accoimt  of  the  larger 
amount  of  tar  produced  with  coal  the  gas  is  not  thoroughly  cleaned  in 
some  plants,  and  the  purifying  material  has  been  known  to  be  ruined 
by  lack  of  care  in  this  respect. 

TJSTJAL  METHODS  OF  OPEBATIKG  WITH  BITUHTNOTTS  COAL  FUEL. 

HEAT   BALANCE  AND   CYCLE. 

With  the  changed  composition  of  the  blast  and  blue  gases,  it  is 
natiu-al  to  suppose  that  the  heat  balance  throughout  the  set  would 
be  disturbed  by  the  changes  brought  about  in  substituting  coal  for 
coke  in  the  generator,  and  such  is  actually  the  case.  In  the  usual 
operation  with  coal  fuel,  the  checkering  tends  to  become  too  hot, 
frequently  rising  as  high  as  1,600°  F.,  while  the  generator  fuel  is  not 
hot  enough.  This  is  due  principally  to  the  greater  heating  value  of  the 
blast  gas,  which  in  turn  can  be  explained  by  the  presence  of  consider- 
able volatile  matter  from  the  coal.  The  greatest  obstacle  to  the 
substitution  of  coal  for  coke  as  generator  fuel  is  the  maintenance  of 
high  temperatures  properly  proportioned  throughout  the  different 
parts  of  the  set.  Since  76  to  80  per  cent  of  the  total  gas  made  is 
produced  in  the  generator,  the  importance  of  maintaining  the  correct 
temperature  there  is  evident. 

In  the  usual  operation  of  a  set,  with  bituminous  coals  as  generator 
fuel,  the  tendency  for  imequal  distribution  of  heat  in  the  set  must  be 
checked  by  one  of  the  three  following  methods:   (1)  Binning  some  of 
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the  blast  gas  outside  the  set  at  the  stack;  (2)  neutralizing  some  of  the 
excess  heat  produced  in  checker  chambers,  by  admitting  steam  or 
excess  air  into  the  carburetor  during  the  blast;  or  (3)  using  an  excess 
of  steam  during  the  run  without  prolonging  the  blasting  time. 

Method  1  provides  a  means  for  maintaining  the  desired  tempera- 
tures throughout  the  water-^as  set,  but  does  so  wastefully,  since  the 
heat  evolved  by  burning  the  gas  outside  the  set  is  seldom  utilized. 
With  this  method;  the  loss  due  to  the  heat  wasted  at  the  stack  may  be 
expected  to  increase  as  the  per  cent  of  volatile  matter  in  the  coal 
increases. 

Method  2  is  not  commonly  practiced  but  offers  a  possible  means 
of  accomplishing  the  same  results  as  method  1,  with  similar  ineffi- 
ciency. However,  when  sufficient  air  pressure  is  available  to  use  an 
excess  of  air  to  control  the  temperatures  in  the  checker  chambers, 
one  possible  advantage  is  gained.  The  carbon  deposited  in  these 
chambers  may  be  thus  burned  out  or  the  accumulation  of  carbon 
prevented.  The  cause  of  excessive  deposits  of  carbon  has  been  men- 
tioned on  page  22.    See  also  page  72. 

Method  3,  which  is  commonly  employed  in  Illinois,  frequently  in 
combination  with  method  1,  results  in  a  high  fuel  and  steam  consump- 
tion and  a  considerably  decreased  output  per  unit  of  time.  Such  an 
excess  of  steam  consumption  durii^  the  steam  run  decreases  the  fuel 
temperature  unduly  and  this  in  turn  means  that,  with  the  same  blast 
conditions,  the  blast  gas  produced  will  contain  more  CO,  and  less 
combustible  gases.  Thus,  on  blasting,  the  complete  combustion 
reaction,  C+Oj^COa,  takes  place,  but  the  reaction,  COj-f  C  =  2C!0, 
discussed  on  page  8,  does  not  take  place  to  an  appreciable  extent 
until  later  in  the  blast,  when  the  temperature  in  the  fuel  bed  is 
sufficiently  high.  Method  3  is  probably  more  efficient  than  operating 
with  normal  steam  and  reduced  blasting  time,  although  the  desired 
results  have  not  been  obtained  from  it. 

Figure  6  shows  the  effect  on  the  composition  of  the  blast  gases  of 
an  excess  of  steam  during  the  steam  run  or,  what  amounts  to  prac- 
tically the  same  thing,  a  deficiency' in  the  quantity  of  blast.  The 
first  curve  shows  the  change  in  per  cent  of  (X),  as  the  blast  progresses, 
when  40  pounds  of  steam  per  minute  is  used  on  each  steam  run. 
The  third  curve  shows  similarly  the  relative  amount  of  CO,  in  the 
blast  gas  at  different  stages  of  the  blast,  operating  with  the  same  cycle 
and  using  approximately  the  same  amount  of  air  as  in  the  operation 
represented  by  the  first  curve,  but  with  less  steam  during  the  run. 
The  per  cent  of  CO  present  in  the  blast  gas  tmder  both  of  these  condi- 
tions is  shown  by  the  second  and  fourth  curves.  The  slope  of  these 
curves  will  vary  according  to  the  height  of  the  fuel,  the  condition  of  the 
fire,  the  kind  of  fuel,  the  amount  of  green  fuel  present,  and  the  way  the 
carburetor  is  blasted.    When  opened  too  wide,  the  carburetor  blast 
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may  rob  the  generator  of  needed  air  blast;  then  the  COj  curve  would 
not  drop  so  rapidly.  These  curves  are  sufficietitly  representative  to 
show  that  an  excess  of  steam  during  the  run  cools  the  generator  to 
sudi  a  d^ree  that  a  smaller  amount  of  combustible  gas  and  more 
COi  are  produced  during  the  blast. 


■3.sao  V3i  'Koij,ieodno3 
It  is  apparent  that  by  operating  according  to  method  3  a  cycle 
can  be  found  that  will  result  in  checker  chambers  being  heated  to 
the  desired  temperatures  only.  A  combination  of  methods  3  and  1 , 
wherein  some  of  the  blast  gas  is  burned  at  the  stack,  permits  the 
same  results  to  be  accomplished  with  a  higher  temperature  in  the 
fuel  bed  of  the  generator. 
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This  change  in  operation  may  require  a  cnange  in  the'  operating 
cycle.  Although  it  is  possible  to  increase  the  quantity  of  steam  per 
run  in  many  plants  by  merely  opening  the  steam  valve  wider,  it  may 
be  found  necessary  to  increase  the  length  of  the  steam  run  in  some 
plants  if  the  steam  supply  is  insufficient.  For  example,  a  plant 
employing  a  3-minute  blast  and  a  3-minute  run  with  coke  fuel  may 
find  it  necessary  to  operate  with  a  2-ininute  blast  and  a  3-minute 
run,  or  even  with  a  3-minute  blast  and  a  4-ininute  run  when  chang- 
ing to  coal.  This  can  be  determined  only  by  a  consideration  of  the 
conditions  prevailing  in  each  case. 

The  factors  to  be  considered  in  determining  the  proper  cycle  of 
operation  with  high-carbon  fuel  have  been  discussed  in  a  previous 
section,  when  it  was  stated  that  to  make  1,000  cubic  feet  of  finished 
gas  about  1,500  cubic  feet  of  air  during  the  blow  and  32  pounds  of 
steam  during  the  run  were  required.  The  advantage  of  making  the 
blow  and  the  run  as  short  as  possible  consistent  with  adequate 
time  of  contact  between  the  gases  and  the  fuel  and  without  using  too 
large  a  proportion  of  the  time  for  changing  valves,  was  pointed  out. 
In  changing  to  bituminous  fuel,  a  readjustment  of  the  cycle  is  nec- 
essary in  order  to  maintain  the  temperature  balance  throughout  the 
set,  on  account  of  the  increased  value  of  the  blast  gas.  Let  it  be 
assumed  that  for  a  given  set  the  most  favorable  operating  condition 
with  coke  fuel  is  a  4-minute  blow  followed  by  a  4-minute  steam  run, 
and  that  the  same  cycle  with  the  same  blast  and  steam  pressures  is 
continued  with  a  high-volatile  coal  fuel.  If  the  coal  has  a  coking 
tendency,  one  of  the  first  results  noted  will  be  a  matting  of  the  fuel  in 
the  top  part  of  the  generator,  causing  increased  resistance  in  the  fuel 
bed  and  resulting  in  the  passage  of  less  air  through  the  fire.  Under 
these  circumstances,  the  coal  is  not  heated  to  so  high  a  temperature 
at  the  end  of  the  4-minute  blow,  although  the  temperature  in  the 
carbiu'etor  and  superheater  will  remain  fairly  constant  on  account  of 
the  richer  quality  of  the  blast  gas.  The  make  of  gas  per  unit  of 
time  during  the  run  will  decrease  by  perhaps  20  to  30  per  cent.  Should 
the  blast  pressure  be  increased  in  an  attempt  to  raise  the  temperatmre 
of  the  generator  fuel,  the  increased  volume  of  blast  gas  will  overheat 
the  checker  chambers  if  all  the  gas  is  burned  in  them,  thus  disturbing 
oil-cracking  conditions.  The  usual  method  employed  is  a  compro- 
mise. It  is  desirable  to  reach  a  condition  where  the  volume  of 
generator  blast  gases  is  reduced  sufficiently  to  prevent  the  car- 
buretor and  superheater  from  becoming  overheated,  and  at  the 
same  time  to  prevent  undue  lowering  of  the  average  temperature  in 
the  generator  fuel.  To  do  this,  it  is  customary  to  increase  the 
quantity  of  steam  used  per  minute  during  the  run,  or  when  this  can 
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not  be  done,  to  lengthen  the  steam  run.  At  the  same  time,  the 
blasting  period  and  the  air  pressure  are  unchanged.  The  result  is 
that  the  generator  fuel  does  not  have  so  high  a  temperature  at  the 
end  of  the  run.  On  blasting,  the  fuel  will  not  now  generate  so  much 
CO,  since  complete  combustion  takes  place  to  a  greater  extent  in  the 
generator  with  the  formation  of  CO,.  More  heat  is  being  stored  in 
the  generator  per  minute  of  blast  in  this  case,  a  fact  that  is  readily 
imderstood  when  the  heat  reactions  of  carbon  and  oxygen  are  con- 
sidered. 

One  poimd  of  carbon  burning  to  CO,  liberates  14,544  B.t.u., 
while  1  poimd  of  carbon  burning  to  CO  liberates  only  4,350  B.t.u. 
However,  the  same  average  temperature  of  generator  fuel  is  not 
reached  at  the  end  of  the  blow  because  the  initial  temperature  was 
considerably  lower.  This  results  in  the  production  of  less  blue  gas 
during  the  steam  run,  containing  a  higher  per  cent  of  CO,.  Since 
with  this  method  less  CO  for  heating  the  checker  chambers  is  formed 
during  the  blast,  these  chambers  are  not  usually  overheated. 
Should  the  temperature  still  be  a  little  high,  and  it  is  not  desirable 
to  reduce  it  by  cooling  the  generator  further  with  a  greater  excess  of 
steam,  it  may  be  lowered  by  overblasting  the  carburetor  (using  an 
excess  of  secondary  air). 

DSTEBKINATZON  07  OPSBATZVO  CTCLB. 

Conditions  in  different  plants  will  affect  the  selection  of  a  favor- 
able cycle  for  co.al  fuel.  A  method  of  operating  has  been  devised  by 
the  authors  making  use  of  the  so-termed  ''blow  run,"  which  involves 
other  considerations  in  determining  the  operating  cycle  and  which 
is  discussed  later  in  this  bulletin  on  page  62.  The  following  sugges- 
tions are,  however,  offered  for  guidance  in  determining  the  cycle  to  be 
employed  when  operating  a  water-^as  set  with  the  usual  methods. 

1.  It  is  usually  advantageous  to  use  as  much  air  as  possible  per 
minute  of  blow. 

2.  When  a  run  and  a  blow  of  about  equal  length  are  used,  enough 
steam  should  be  used  during  the  run,  in  order  that  no  appreciable 
amount  of  generator  blast  gas  in  excess  of  what  is  required  to  heat 
the  checkerwork  properly  will  be  produced  during  the  blow. 

3.  When  sufficient  steam  is  not  available  to  accomplish  this,  with 
the  steam  run  the  same  length  as  the  blow,  the  duration  of  the  steam 
run  should  be  increased  until  the  desired  result  is  obtained. 

4.  The  use  of  steam  in  excess  of  what  is  required  to  accomplish  the 
above  should  be  avoided. 

5.  The  CO,  content  in  the  blue  gas  should  be  reduced  as  much  as 
possible,  consistent  with  buining  all  of  the  generator  blast  gas  in  the 
checker  chambens. 


42  BITUMINOUS  GOALS  AS  WATEB-GAS  GENEBATOB  PUEL. 

COAL  FUEL  IN  THE  GENEBATOB. 
ABOHZVO  AMD  CAKXVO. 

Coke  in  the  generator  presents  a  porous  loose  mass  to  the  passage 
of  air  and  gases  through  the  fire,  while  on  the  other  hand  most 
freshly  charged  bituminous  coals  tend  to  cake  and  run  together. 
This  caking,  if  excessive,  is  evidenced  by  increased  blast  pressure 
omder  the  grate,  other  conditions  remaining  the  same;  and,  if  the  set 
is  equipped  with  an  air  meter  in  the  generator  blast  line,  a  decided 
decrease  in  the  amount  of  air  going  through  the  fire  will  be  indicated 
soon  after  a  fresh  coaling  is  made.  This  is  especially  true  when 
excessively  heavy  charges  are  made.  It  is  frequently  customary  in 
plants  operating  with  coke  to  make  one  or  more  fuel  charges  two  or 
three  times  the  size  of  the  normal  running  charge  at  the  beginning 
of  the  day's  run.  With  ordinary  bituminous  coal  this  procedure 
would  almost  certainly  choke  the  generator.  In  general,  it  may  be 
said  that  large  egg-size  coal,  even  with  the  caking  controlled,  oflfers 
more  resistance  to  the  passage  of  air  than  does  coke,  and  the  addition 
of  a  large  charge  of  green  coal  causes  an  excessive  increase  in  this 
resistance.  When  the  fuel  cakes,  it  forms  a  nearly  impenetrable 
arch  over  the  fire,  which  hinders  the  passage  of  air,  slows  up  the 
combustion  during  the  blast  period,  decreases  the  temperature  of  the 
fuel  bed,  and  results  in  a  great  decrease  in  the  amount  of  gas  pro- 
duced during  the  run.  This  arched  mass  of  fuel  frequently  remains 
in  place  where  formed,  even  after  the  already  coked  fuel  beneath  it 
has  burned  away,  leaving  a  hoUow  space  between.  The  arch  may  be 
80  firmly  established  that  it  is  necessary  to  break  it  up  with  bars 
before  another  coal  charge  can  be  added.  This,  of  course,  is  ad- 
ditional labor,  even  if  it  were  not  an  indication  of  an  inefiicient  oper- 
ating condition.  Methods  of  overcoming  these  diflBiculties  are  dis- 
cussed later  under  the  Streator  experiments  (see  p.  47) . 

It  was  formerly  believed  by  some  operators  that  when  bitimiinous 
coal  was  used  as  generator  fuel,  practically  all  of  the  volatile  matter 
would  be  driven  off  from  a  fresh  charge  during  the  first  blast  after 
coaling.  On  the  contrary,  it  is  foimd  that  the  surface  of  the  fuel  bed 
remains  fairly  cool  from  charge  to  charge.  The  surface  of  a  charge 
has  not  been  entirely  converted  into  coke  when  the  next  charge  is 
added.  The  rate  of  conversion  into  coke  will  of  course  depend  upon 
the  temperature  in  the  generator,  which  in  turn  is  dependent  upon 
the  amount  of  air  passed  through  the  fire  during  the  blast  period  and 
the  amoimt  of  steam  used  during  the  run.  On  one  occasion,  a  &-inch 
lump  of  coal  removed  from  the  fire  just  before  a  fresh  chaise  was 
made  showed  about  three-fourths  inch  of  coke  on  those  faces  per- 
pendicular to  the  laminations  of  the  coal,  while  the  other  two  faces 
had  coked  to  a  depth  of  about  one-fourth  inch. 
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The  fact  that  the  surface  of  the  fuel  usually  remains  relatively 
cool  may  delay  the  ignition  of  the  generator  gases  when  the  lid  is 
opened  for  charging.  These  gases  are  usually  combustible  and  a 
continuously  burning  pilot  light  or  some  form  of  torch  kept  ready  to 
ignite  them  will  avoid  any  unnecessary  delay  caused  by  their  failure 
to  ignite  when  the  lid  is  opened.  As  with  coke  fuel,  care  should  be 
taken  that  the  gases  are  ignited  before  attempting  to  charge. 

CONTROL  OF  CLINKER. 

The  difficulty  experienced  from  clinker  in  plants  using  bitmninous 
coal  varies  witii  the  kind  of  coal  and  with  the  operating  conditions 
employed.  In  plants  where  comparatively  low  generator  tempera- 
tures are  carried,  the  fusing  point  of  the  ash  may  not  always  be 
reached,  with  the  result  that  no  clinker  is  formed  but  instead  a  bed 
of  loose  ashes.  In  other  plants  where  more  air  blast  is  used  in  the 
effort  to  maintain  a  higher  fuel  temperature,  a  very  hard  clinker 
may  be  formed. 

In  general,  the  ash  of  Central  District  coals  fuses  at  a  lower  tem- 
perature than  that  from  some  of  the  better  eastern  cokes;  therefore 
special  attention  must  usually  be  given  to  operating  methods  when 
these  coals  are  used. 

Owing  to  the  greater  friability  of  some  of  these  coals,  considerable 
fine  material  is  almost  inevitably  introduced  into  the  generator  when 
charging.  If  no  fuel  spreader  is  used  or  the  one  in  use  is  inefficient, 
most  of  the  fine  coal  is  deposited  in  the  center  of  the  fuel  bed,  in< 
creasing  the  thickness  and  resistance  to  draft  of  that  part  of  the  fire. 
This,  with  the  coking  tendency  of  the  fuel,  causes  most  of  the  air 
blast  to  pass  up  around  the  generator  wall,  giving  a  more  intense 
combustion  there  than  in  the  middle  of  the  fire  and  resulting  in  a 
fusion  of  the  ash  and  the  formation  of  clinker  or  ''edgings"  on  the 
wall.  If  this  clinker  is  high  up  on  the  wall,  barring  down  from  above 
may  be  necessary,  and  in  any  case  the  deterioration  of  the  lining 
bricks  is  hastened. 

The  difficulty  can  be  lai^ely  overcome  by  the  use  of  an  efficient 
spreader  which  wiU  deflect  most  of  the  coal  to  the  outer  edge  of  the 
fuel  bed  and  by  split  runs  or  a  greater  percentage  of  down  runs,  which 
will  usually  result  in  keeping  the  clinker  formation  nearer  the  grate, 
where  it  can  be  more  easily  handled.  Figure  7  illustrates  a  type  of 
fuel  spreader  that  is  very  efficient  when  properly  designed  for  the 
generator  with  which  it  is  to  be  used.  By  cleaning  the  fire  at  specified 
intervals  the  accumulation  of  clinker  can  be  regulated  to  such  a 
thickness  that  it  can  be  readily  removed. 
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PBETENTION  OF  BTICEmO  OF  TALVEB  BT  TAB  DEPOSITS. 

The  gases  leaving  the  generator  when  bituminous  coal  is  used  con- 
Bist  not  only  of  carbon  monoxide,  hydrogen,  and  carbon  dioxide, 
the  usual  constituents  of  water  gas,  but  of  varying  amounts  of  hydro- 
carbons. Some  of  these  are  permanent  gases,  but  tarry  vapors  are 
also  present  that  are  partly  distilled  in  their  passage  through  the  set 
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and  if  condensed  deposit  as  a  sticky  viscous  pitch.  This  pitch  is  in 
evidence  at  any  part  of  the  machine  where  there  is  a  slight  leak,  as, 
for  example,  at  the  hot  valve  and  the  carburetor  and  superheater 
blast  valves,  around  the  oil-epray  stuffing  box,  and  occasionally  at 
the  generator  Ud,  The  pitch  is  fairly  fluid  when  hot,  but  when  cool 
is  tough  and  viscous  and  is  likely  to  cause  valves  to  stick  very  tightly. 
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This  need  ^ve  littde  trouble  if  preventive  measures  are  taken. 
Usually  a  fairly  fluid  mixture  of  lubricating  oil  and  flake  graphite, 
smeared  occasionally  on  the  valve  stems,  will  prevent  the  stickiiig. 
In  general,  troubles  of  this  sort  are  reduced  to  a  Tninimnm  when 
proper  temperatures  are  Bouuntained  throughout  the  set  and  the 
weight  of  charges  is  not  excessive.  In  plants  operating  with  but 
short  lay-overs  no  trouble  is  experienced. 

BEDUCED   OAPAOTTY   WITH   COAL  FUEL,   WITH  THE   USUAL  OPESATINQ 

METHODS. 

The  chief  difficulty  encountered  by  gas  companies,  especially  the 
large  ones,  when  they  use  bituminous  coal  instead  of  coke  for  gener- 
ator fuel  is  decreased  capacity.  Various  operators  have  reported  a 
decrease  of  25  or  30  per  cent  in  the  possible  output  of  the  plant  when 
coal  is  substituted  for  coke.  One  reason  for  this  decrease  seems  to  be 
the  difference  in  resistance  of  the  two  fuels  to  the  passage  of  air  under 
the  same  blast  conditions.  The  rate  of  combustion  of  the  fuel,  and 
therefore  the  rate  at  which  the  fuel  acquires  a  gas-making  tempera- 
ture, seems  to  be  roughly  proportional  to  the  amount  of  air  passing 
through  the  fire  in  a  given  time.  If  the  volume  of  air  passing  is 
augmented  by  increasing  the  air  pressure,  the  combustion  is  more 
rapid,  and  the  fuel  bed  is  brought  more  quickly  to  the  proper  temper- 
ature for  decomposing  steam.  In  a  majority  of  gas  plants  the  blow- 
ing capacity  is  limited,  and  the  initial  pressure  at  the  base  of  the 
generator  is  conditioned  by  the  type  of  blower  used.  Consequently, 
since  the  coal  fuel  bed  offers  more  resistance  to  the  passage  of  air 
through  the  fire  than  does  coke,  more  air  is  transmitted  at  the  pres- 
sure available  with  a  coke  fire  than  with  coal,  the  combustion  is 
more  rapid,  and  during  the  run  the  gas  production  is  greater  with 
coke.  H  it  were  possible  to  force  the  same  volume  of  air  through  the 
coal  fire  in  a  given  time,  it  seems  likely  that  the  volume  of  gas  pro- 
duced during  a  given  time  would  more  nearly  approach  that  with 
coke. 

Under  usual  operating  conditions,  therefore,  a  blow  period  takes 
longer  in  proportion  to  the  length  of  steam  run  to  bring  the  fuel 
up  to  the  same  working  temperature  with  coal  than  with  coke.  On 
account  of  the  greater  amount  of  volatile  matter  in  the  coal,  the 
amount  of  combustible  gas  given  off  during  the  relatively  longer 
blow  period  is  more  than  sufficient  to  maintain  the  requisite  temper- 
atures in  the  carburetor  and  superheater;  consequently  a  blast  of 
siich  length  as  will  heat  the  generator  suitably  overheats  the  other 
chambers  (if  the  gas  is  entirely  burned  in  them)  or  necessitates  the 
burning  of  considerable  gas  at  the  stack.  Either  condition  is  unde- 
sirable and  wasteful.  It  may  be  found  impossible  to  bum  this  ex- 
cessive production  of  combustible  generator  blast  gases  in  the  set 
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even  with  the  carburetor  blast  valve  wide  open,  unless  the  volume  of 
these  gases  is  decreased  by  partly  closing  the  generator  blast  valve, 
or  the  fuel  bed  is  unduly  cooled  by  excessive  use  of  steam  during 
the  steam  run.  In  either  case,  however,  the  generator  will  not  attain 
the  desired  temperature  so  quickly.  In  some  plants  where  there  is  an 
excess  blowing  capacity  it  may  be  advisable  to  cool  the  carburetor 
and  superheater  by  overblowing  them  rather  than  by  underblowing 
or  oversteaming  the  generator.  With  any  of  these  methods,  how- 
ever, capacity  can  only  be  obtained  by  sacrificing  a  considerable 
amount  of  combustible  gas  with  a  resultant  waste  of  fuel. 

FUEL  AND  OIL  ECONOMIES. 

Potential  fuel  and  oil  economies  will  vary  in  different  plants,  not 
only  with  the  operating  conditions  employed,  but  also  with  the  com- 
position and  quality  of  the  coal  and  oil  used,  the  daily  operating 
time,  and  the  prevailing  weather  conditions;  hence,  operating  results 
can  only  be  compared  when  operating  conditions  are  known.  Table 
7  is  a  summary  of  results  obtained  with  various  fuels  and  oils  in  a 
few  plants.  The  operating  conditions  are  given  when  known.  The 
data  given  for  plant  E  in  this  table  were  obtained  by  the  authors  at 
Streator,  111.,  with  coal  fuel,  by  methods  similar  to  those  employed 
in  the  other  plants.  These  results  agree  fairly  well  with  others  re- 
ported, although  small  differences  are  due  to  seasonal  variations, 
the  Streator  data  being  obtained  in  the  late  fall,  the  remainder 
in  summer.  It  will  be  noted  that  the  oil  used  is  from  one-fifth  to 
one-half  gallon  less  per  1,000  cubic  feet  of  gas  when  made  with  coal 
fuel  than  when  made  with  coke.  The  generator  fuel  is  increased 
about  30  per  cent  when  coal  is  used,  and  the  per  cent  of  ash  and 
moisture  in  the  coal  is  not  excessive.  However,  the  lower  cost  per 
ton  of  coal  as  compared  with  coke  usually  much  more  than  offsets 
the  difference  in  fuel  consumption  per  1,000  cubic  feet  of  gas. 
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Table  1  .-^Fraetice  at  five  waJUr-gas  pUmU, 


Details  of  practice. 


Equipment. 


2  6-ft.  United  Oas  Im- 
provement Co.  sets. 
Generator,  4  ft.  Internal 
diameter. 


KlndoffueL. 


Generator  fuel  per 
cbarge. lb.. 

Frequency  of  cliaig- 
ing  generator 


Air    per    minute 

.CO.  ft.. 

Steam  per  minute: 

Up  run lbs.. 

Down  run.  do. 
Bnnning  time 

hr.  per  day. 

Cyde: 

Blow min. 

Steam  run 

min.. 

Split  runs — do... 


Kind  of  gas-oil  used. 

Oas  made  per  run 
cu.ft.. 

Oas  made  per  hour 
cu.ft.. 

Oenerator  fuel  per 
1,000  en*  ft.  of 
sas  11)6 

ofip«'i,(idocci.ft* 

Kti8  •  •  •  • .  •■•  •  .gai . . 

Heating  value  of 
gas. ... . .  .B.  t.  u. . 

Temperatura  bot- 
tom superheater 
«»F.. 

Cleaning  time 


Gas  per  min.  per 
sq.  ft.  of  grate 
areft... . .  •  .en.  ft . . 

Steam  per  l|000cu. 
ft.  gas lbs.. 

Air  per  1,000  cu.  ft. 
gas. cu.ft.. 

Blast  pressure 
. . ..  .in.  of  water . . 


Plant  A. 


Indianapo- 
lis egg«se 
ovenooke. 


500. 


30  min. 


1,800. 


22. 
27. 


14.6. 


2  up,  2  down. 
1  up. 

32to36«B.. 


3,633.. 
27,246. 


32.75. 

3.54. 

600.. 


Franklin 
County, 
IIl.|lu]]q> 
coal. 

750 


36  min. 


1,027. 
28.... 


18.3. 


2up,2down, 
lup. 


32t0  36OB. 


2,800.. 
21,750. 


44.5. 
3.13. 
600.. 


1,300  to  1,400. 
2   hrs.   per 
day. 


58 

33.7.... 
1,480... 
18  to  20. 


1,300  to  1,400. 
2   hrs.   per 
day. 


46.... 
62.6.. 
1,060. 


1  8-ft.  West- 
em  Gas  Con- 
struction Co. 
set.  Gener- 
ator, 6  ft.  in- 
ternal diam- 
eter.a 


Plant  B. 


Na  4  seam 
Indiana 
lumpooaL 

1,000-1,100... 


Every5runs 


3,200  (7). 
66 


14  4 

2 


imin.up,24 
min.down. 


2  8  ft.  0  in. 
United  Gas 
Improve- 
ment Co. 
set.   (Gen- 
erator, 6  ft. 
6  in.  internal 
diameter.a 


Plant  0. 


Franklin 
County, 

Hl-t     9U 
coal. 
1,100 


Every  5  or 
6  runs. 

No  meter... 

40.... 


22. 
3.. 


3,800.. 
41,800. 


42.6. 
2.68. 
575.. 


1,240  to  1,280. 
1  hr.  for  2 
cleans. 


1 


45 

43 

1,680(7). 
16 


No  split  runs 
28to30^B. 


4,650.. 
88,700. 


40.. 
3.2. 
565. 


1,300 

2   hrs.   per 
day. 


1  8  ft.  6  in. 
Gas  Machin- 
ery Co.  set. 
Generator, 
6  ft.  6  in.  in- 
ternal diam- 
eter.a 


Plant  D. 


Jackson 
County, 
lU..  lump 
coal. 

1,600-1,800... 


Every  8  or 
9  runs. 

Norecord... 


60. 
45. 


18-20. 


No  split  runs 


28to30«'B.. 


16-ft. 
United  Gas 
Improve- 
ment Co. 
set.   Gen- 
erator, 4  ft. 
interoal 
diameter.* 


4,400.. 
52,800. 


42 

3.. 

588 


40 

3a  2 

No  meter. 
16  to  18..., 


1,300  to  1.400. 

2  to  21  hrs. 

per  day. 


44.4. 
36... 


20  to  22. 


Plants. 


Williamson 
County, 
m.,  large 
egg  coal. 

6S9. 


Every  6 
runs. 

1,200. 

34. 
32. 

7J3. 

3. 

4. 

2  up  runs  to 

1    down 

run. 
28  to  30»  B. 

Texas. 

2,831. 
23,468. 

46. 
2.97. 

578. 


1,280. 

i    hr.    per 
day. 


56.6. 
42.3. 
1,272. 
17  to  18. 


•  Data  on  practice  with  coke  fuel  not  available  for  publication. 

SBIiBOnOK  OF  STBBATOB  PLANT  FOB  BZPBBIMENT8. 


Since  water-gas  operation  involves  so  many  variable  conditions, 
it  was  decided  that  satisfactory  experiments  with  bituminous  coal 
conld  be  conducted  only  on  a  commercial  scale.  With  the  realiza- 
tion that  some  experiments  might  decrease  production  capacity 
considerably  before  an  effici^at  operating  method  was  evolved^  it 
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was  deemed  inadvisable  to  select  for  experimental  work  a  plant  that 
was  working  at  capacity,  since  operation  for  a  few  hours  under  a 
trial  set  of  conditions  might  jeopardize  the  gas  supply  to  the  com- 
mimity  being  served  without  proving  conclusively  the  source  of  the 
difficulties. 

The  Public  Service  Co.  of  Northern  Illinois  offered  the  facilities 
of  its  Streator  plant  for  tests;  this  offer  was  accepted  because  the 
plant  is  well  equipped  and  has  a  generating  capacity  several  times 
as  great  as  any  demand  likely  to  be  placed  upon  it.  Moreover,  it  is 
relatively  small,  and  experiments  with  various  coals,  some  of  which 
might  prove  to  be  entirely  unsuitable  for  watei^-gas  manufacture, 
would  not  involve  the  purchase  of  so  much  worthless  material  as 
would  be  required  at  a  larger  plant. 

EQUIPMENT  OF  PLANT. 

The  generating  equipment  of  the  Streator  plant  consists  of  two 
6-foot  water-gas  sets,  one  of  United  Gas  Improvement  Co.  construc- 
tion, the  other  built  by  the  Western  Gas  Construction  Co.  These 
sets  are  used  alternately,  one  being  operated  while  the  other  is  down 
for  recheckering  or  repairs.  The  sets  stand  side  by  side  in  the  same 
generator  house,  and  the  steam  and  blast  supply  lines  to  the  sets, 
as  well  as  the  collecting  mains  from  them,  are  interconnected.  The 
blast  is  supplied  by  one  of  two  No.  6  turbine-driven  blowers  con- 
nected by  elbows  into  the  ends  of  a  sheet-iron  T.  The  side  outlet 
from  this  T  passes  through  a  brick  wall  to  the  generator  house 
where  the  branches  of  a  Y  connection  carry  the  blast  to  the  two 
sets.  A  sheet-iron  gate  in  the  branch  to  the  Western  Gas  Construc- 
tion Co.  set  makes  possible  the  shutting  off  of  this  branch  when  the 
other  set  is  in  use.  There  is  no  such  provision,  however,  in  the 
other  branch. 

Each  set  has  the  usual  pressure  gages,  wash  box,  and  scrubber, 
and  one  water-cooled  primary  condenser  is  used  in  common  by  both 
sets.  '  In  addition,  the  United  Gas  Improvement  Co.  set  is  equipped 
with  steam  and  air  flow  meters.  There  is  also  an  indicating  pyrom- 
eter which  can  be  used  with  either  set,  consisting  of  an  indicator 
and  two  fire  ends,  one  inserted  near  the  middle  of  the  carburetor 
and  the  other  near  the  the  top  of  the  superiieater.  No  means  are 
available  for  recirculating  wash  water  from  the  tar  separatois.  Hot 
water  from  the  condenser  is  used  in  the  Western  Gas  set  when  it 
is  in  operation,  but,  owing  to  a  difference  in  the  elevation  of  the 
wash  boxes  and  the  lack  of  a  suitable  pump,  cold  fresh  water  only 
can  be  used  in  the  other  set.  The  gas,  after  leaving  the  primary 
condenser,  passes  to  two  relief  holders,  one  of  30,000  cubic  feet,  the 
other  of  25,000  cubic  feet  -  capacity.  These  holders  are  usually 
employed  together  to  diminish  the  back  pressure  on  the  set.     The 
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outlets  of  these  holders  lead  to  au  exhauster.  A  by-pass  also  permits 
connection  of  the  exhauster  with  the  inlet  of  the  relief  holders.  On 
account  of  the  small  size  of  the  holder  connections,  this  by-pass  is 
used  but  a  part  of  the  time^  restricting  the  fullest  utilization  of  the 
holders  as  condensers.  The  gas  from  the  exhauster  passes  through 
a  watetr-cooled  secondary  condensor,  thence  to  an  outdoor  rectangular 
shavings  scrubber,  from  which  it  passes  through  two  cylindrical  out- 
door purifiers  connected  in  series  by  a  center  seal.  These  purifiers 
are  so  arranged  that  the  gas  can  enter  at  the  middle  and  leave  by 
the  top  and  bottom,  or  vice  ver&a.  After  the  purified  gas  is  measured 
by  a  6rfoot  station  meter,  it  passes  into  a  100,000  cubic  foot  storage 
holder,  then  through  a  station  governor  to  the  city.  The  gas  is 
tested  at  the  gas  office,  about  1  mile  east  of  the  plant. 

The  normal  daily  output  of  the  plant  during  the  experiments  was 
about  165,000  cubic  feet.  Since  the  capacity  of  either  set  was  several 
times  greater  than  the  daily  output,  it  was  seldom  necessary  to  oper- 
ate more  than  6  or  7  hours  a  day,  and  local  conditions  made  even 
this  short  operation  intermittent.  Therefore,  whUe  the  experiments 
served  to  point  out  operating  methods  and  to  solve  some  of  the 
problems  arising  from  the  use  of  coal  fuel,  as  well  as  to  indicate  the 
relative  value  ol  various  available  coals,  they  could  not  show  con- 
clusively what  fuel  and  oil  efficiencies  and  production  capacities 
might  be  realized  from  continuous  operation  in  larger  plants.  Gas 
engineers  generally  admit  that  better  fuel  efficiencies  can  be  obtained 
with  continuous  than  with  intermittent  operation.  Since  a  con- 
siderable portion  of  the  operating  day  elapsed  before  the  carburetor 
and  superheater  of  the  set  were  in  condition  to  fix  the  oil  properly, 
it  would  seem  that  better  oil  efficiencies  could  be  realized  at  a  plant 
operating  full  time.  The  appUcation  of  the  Streator  methods  to 
conditions  in  other  plants  will  be  discussed  in  a  later  section  of  this 
report.  The  Streator  experiments  point  the  way  to  additional  inves- 
tigations and  suggest  solutions  to  some  troublesome  problems. 

PREPARATIOX  FOR  TESTING  BY  CHECKING  APPARATUS. 

Before  the  experiments  were  begun,  the  apparatus  to  be  used  in 
determining  the  operating  conditions  was  te9ted  and  calibrated  in 
so  far  as  facilities  permitted.  The  gages  of  the  steam  meters  were 
calibrated  by  checking  the  reference  points  of  each  against  a  standard 
pressure  gage.  The  zero  point  was  determined  when  the  hands 
were  so  set  as  to  show  correct  readings  in  the  working  part  of  the 
scale.  The  pyrometers  were  checked  by  comparison  with  a  cali- 
brated pyrometer.  The  fuel  was  forked  from  the  storage  pile  into 
tared  wheelbarrows  and  weighed  on  platform  scales.  The  oil  used 
was  measured  by  a  standard  oil  meter,  which  was  calibrated  against 
oil-tank  measurements  over  a  period  of  several  weeks.    It  was  found 
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that  on  account  of  variations  in  temperature  and  the  difficulty  of 
taking  sufficiently  accurate  measurements,  the  daily  oil  consumption 
could  not  be  determined  accurately  from  daily  tank  measurements. 
Meter  registrations  with  the  factor  determined  were  therefore  used. 
When  gas  measurements  were  being  made,  it  was  assumed  that  the 
station  meter,  which  had  been  overhauled  and  tested  within  the  past 
two  or  three  years,  was  substantially  correct.  Care  was  taken  that 
the  water  was  kept  at  the  proper  operating  level. 

OAS-ANALYSIS  APPARATUS  AND  METHODS. 

Throughout  the  experiments,  frequent  analyses  of  blast,  blue,  and 
finished  gases  were  made  to  guide  experimental  procedure  and  to 
determine  the  effect  of  various  changes  in  operation.  The  gas- 
analysis  apparatus  was  of  a  modified  Orsat  type,  consisting  of  a 
water-jacketed  burette  with  a  three-way  cock  connected  to  a  glass 
manifold,  from  which  branches  led  to  the  various  pipettes  through 
glass  stopcocks.  Carbon  dioxide,  oxygen,  illuminants,  and  carbon 
monoxide  were  absorbed  in  solutions  of  potassiiun  hydroxide,  potas- 
sium pyrogallate,  bromine,  and  acid  cuprous  chloride,  respectively. 
Two  pipettes  were  used  for  the  absorption  of  carbon  monoxide,  one 
being  so  arranged  that  the  gas  cotdd  be  bubbled  through  the  solution. 
The  other  absorption  pipettes  contained  glass  tubes  to  give  more  ab- 
sorption surface.  Absorption  was  facilitated  by  passing  the  gas 
back  and  forth  from  the  burette  to  the  pipette  several  times  until 
the  volume  ceased  to  contract.  The  copper  chloride  solutions,  fre- 
quently renewed,  were  kept  in  the  cuprous  condition  by  pieces  of 
copper  gauze.  The  methane  and  hydrogen  in  the  gases  analyzed 
were  determined  by  combustion  of  the  residual  gas  from  the  absorp- 
tions with  pure  oxygen  in  a  special  pipette  over  gas-saturated  water. 
The  usual  procedure  was  to  pass  a  measured  volume  of  oxygen  into 
the  pipette,  then  to  pass  a  measured  volume  of  gas  into  the  pipette 
very  slowly  over  a  spiral  of  platiniun  wire  heated  by  an  electric  cur- 
rent. Usually  the  entire  gas  sample  remaining  after  the  absorptions 
was  burned.  The  current  was  then  interrupted  and  the  burned  gas 
allowed  to  cool  and  to  return  to  the  burette  for  measurement. 
The  methane  and  hydrogen  were  computed  in  the  usual  manner  from 
the  contraction  and  subsequent  absorption  in  potash.  Even  the  lean- 
est blast  gases  could  be  analyzed  without  difficulty  by  this  method. 

Hydrogen  sulphide  in  the  unpurified  gas  was  determined  at  frequent 
intervals  by  the  Tutweiler  apparatus,  using  an  iodine  solution  so  made 
that  1  cubic  centimeter  was  equivalent  to  100  grains  of  H^S  per  cubic 
foot  of  gas.  Daily  stain  tests  were  made  with  lead-acetate  paper  at 
the  office  where  the  heating  value  was  taken.  Total  sulphur  deter- 
minations were  made  with  a  Drehschmidt  total-stdphur  apparatus, 
in  which  the  products  of  combustion  from  a  metered  volume  of  gas 
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were  bubbled  through  a  solution  of  sodium  carbonate  to  which  a  few 
drops  of  bromine  had  been  added.  The  solution  was  divided  between 
two  wash  bottles  of  a  type  that  gives  very  intimate  contact  of  gas 
with  solutions.  The  gas  was  burned  at  the  rate  of  about  one-half 
cubic  foot  per  hour.  After  about  2  cubic  feet  of  gas  (corrected)  had 
been  burned,  the  solution  was  washed  from  the  apparatus  into  abeaker, 
acidulated  with  hydrochloric  acid,  and  boiled  to  expel  carbon  dioxide. 
The  sulphur  was  precipitated  by  barium  chloride  in  the  usual  way 
and  the  precipitate  of  bariiun  sulphate  was  removed  on  an  ashless 
jBlter,  ignited,  weighed,  and  the  amount  of  sulphur  calculated  in  grains 
per  100  cubic  feet  (corrected)  of  gas  burned. 


Fiousi  8.— Apparatus  for  sampling  gas  at  generator  lid. 

SAMPLIXQ. 

Samples  of  gas  were  collected  for  analysis  in  sampling  tubes  made 
from  12-inch  sections  of  2-inGh  pipe  fitted  at  each  end  with  reducing 
couplings  and  ordinary  gas  hose  cocks.  Before  a  sample  was  taken, 
the  sampling  tube  was  filled  with  water  which  had  been  previously 
saturated  with  the  gas  to  be  analyzed.  In  taking  samples  at  the  stack 
or  generator  lid  over  a  very  short  tijne,  as,  for  example^  during  a 
fraction  of  a  minute,  the  arrangement  shown  in  Figure  8  was  em* 
ployed.  Since  the  gas  was  under  pressure,  a  continuous  purging  of 
the  connecting  tube  through  the  tee  and  the  side  outlet  connection 
was  assured,  and  the  imiformity  of  the  sample  collected  was  obtained 
by  making  the  outflow  of  water  from  the  sampling  tube  as  uniform  as 
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possible.  By  having  several  such  tubes  ready  it  was  possible  to 
collect  more  than  one  sample  during  a  single  run  or  blow,  and  from 
the  analyses  to  plot  curves  showing  the  changing  c(»nposition  of  the 
gases. 

The  coal  was  sampled  by  laying  aside  at  regular  intervals  a  forkful 
of  the  coal  that  was  being  loaded  into  the  chaining  buggy.  This 
composite  sample  of  forked  coal  was  prepared  for  analysis  by  crush- 
ing and  quartering  it  repeatedly  according  to  the  standard  Bureau 
of  Mines  method. 

BZPBBQCENTAL  PBOCBDT7BB. 

In  beginning  the  Streator  experiments  the  plan  adopted  was  to 
operate  the  plant  in  a  commercial  way;  that  is,  to  produce  the 
needed  amount  of  gas  of  the  requisite  quality,  and  yet  to  manipulate 
operating  conditions  so  that  the  effects  of  some  of  the  more  important 
variables  on  the  problems  involved  might  be  studied.  The  primary 
object  of  the  experiments  was  to  work  out  a  satisfactory  operating 
method  which  would  improve  the  economy  and  capacity  of  the  set 
and  decrease  the  operating  difficulties,  rather  than'  to  make  a  more 
academic  study  of  the  principles  involved.  At  the  same  time  care 
was  exercised  not  to  upset  the  routine  of  the  plant  operators  any 
more  than  was  absolutely  necessary. 

At  first  it  was  con»dered  inadvisable  to  make  any  radical  changes 
in  the  operating  conditions.  Acbordingly  the  experiments  began  with 
coke  fuel.  Later  coal  and  coke  mixtxures  were  used,  the  per  cent  of 
coal  being  increased  from  time  to  time  until  100  per  cent  coal  was 
used.  Changes  in  operating  conditions  were  made  one  by  one.  The 
investigation  was  not  limited  to  the  solution  of  certain  defined  prob- 
lems; on  the  contrary,  an  effort  was  made  to  ascertain  the  combina- 
tion of  operating  methods  that  would  give  the  best  general  results. 
The  following  specific  problems,  most  of  which  were  closely  inter- 
related, will  be  discussed:  Obtaining  the  cooperation  of  gas  makers; 
the  use  of  coal  and  coke  mixtures;  selection  of  coal;  control  of  the 
arching  and  caking  of  coal  in  the  generator;  reduction  of  capacity 
with  coal  fuel,  employing  the  usual  operating  methods;  the  air  purge; 
smoke  prevention;  and  control  of  clinker. 

The  solution  of  these  problems,  with  the  exception  of  the  first, 
which  is  psychological,  necessitates  die  study  of  the  effects  of  the 
several  variables.  Only  those  that  seemed  to  exert  the  greatest 
effect  and  that  could  be  studied  without  greatly  disturbing  the  rou- 
tine of  operation  or  the  service  being  rendered  by  the  gas  company 
to  the  community  were  studied  with  a  view  to  determining  their 
influence.  Among  the  more  impcHrtant  phases  of  operation  studied 
were:  Coal  and  coke  mixtures,  depth  of  the  fuel  bed,  weight  and  fre- 
quency of  charges,  rate  of  blasting  and  length  of  blasting  period^ 
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rate  of  steaming  and  length  of  steaming  time,  proportioning  of  up 
and  down  runs,  and  behavi(»*  of  various  coals. 

The  procedure  followed  was  not  exactly  in  the  order  here  outlined. 
For  example;  in  the  study  of  various  mixtures  of  fuel  several  days 
were  spent  on  a  mixture  of  certain  proportions,  and  the  effects  of 
various  blasting  and  steaming  conditions,  the  weight  of  the  charges, 
and  other  conditions  were  studied  for  the  mixture. 

The  same  procedure  was  repeated  with  various  mixtures.    The 

variables  studied  with  a  given  mixtiu*e  were  those  that  seemed  to 

be  of  the  greatest  importance  in  a  given  case.    The  procedure  from 

day  to  day  was  governed  by  the  results  obtained  with  a  given  set 

of  conditions,  the  analyses  of  gases  produced  in  various  stages  of  the 

operation,  and  other  observations.    After  experimental  determina* 

tion  of  the  conditions  that  seemed  to  give  the  best  results  with  a 

given  mixture  of  fuels,  a  run  of  several  days  was  usually  made  with 

the  conditions  held  as  constant  as  possible  to  ascertain  whether  the 

restdts  were  maintained  or  were  disturbed  by  other  factors  not  under 

control.    Throughout  the  experiments  it  was  necessary  to  contend 

with  certain  deficiencies  in  plant  equipment  and  with  incidents  in 

operation  which  introduced  changes;  therefore  the  only  way  to  draw 

conclusions  is  to  consider  several  days'  results  ia  perspective  and  to 

make  allowances  for  known  occurrences  which  affected  the  results  on 

certahi  days. 

Although  the  actual  operating  results  largely  determined  the  opeiv 
ating  procedure  from  day  to  day,  gas  analyses  gave  considerable 
assistance  in  studying  the  effects  of  changes  in  conditions.  Arrange- 
ments were  so  made  that  samples  of  gas  could  be  collected  at  the 
generator  lid,  from  the  down-run  connection  between  the  base  of  the 
generator  and  the  carburetor,  and  at  the  stack.  Frequent  analyses 
were  made  of  gases  collected  at  these  points.  It  was  possible  to 
observe  the  variation  in  composition  of  the  generator  blast  gas  or  the 
blue  gas  from  minute  to  minute  during  a  given  blow  or  run,  or  to  com- 
pare the  average  composition  of  the  gases  of  successive  blows  or  runs. 
In  this  way,  the  effects  of  changing  temperature  in  the  fuel  bed  during 
a  given  part  of  the  cycle  or  the  effect  of  changes  in  depth  of  fuel  over 
several  runs  could  be  studied.  Moreover,  the  completeness  of  com- 
bustion of  blast  gases  in  the  set  and  the  amount  of  excess  secondary 
air  could  be  ascertained  from  analyses  of  gas  samples  taken  at  the 
stack.  Analyses  of  the  finished  gas  gave  additional  information 
relative  to  blue-gas  and  oil-gas  production  and  suggested  changes  in 
operating  conditions. 

ooopebahok  of  oas  makers. 

Securing  the  cooperation  of  the  gas  makers  presented  little  diffi- 
culty in  the  Streator  work,  since  the  plant  had  been  operating  with 
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coal  for  several  weeks  prior  to  the  tests  and  the  force  had  some 
familiarity  with  operating  conditions  for  this  fuel.  In  some  plants, 
however,  the  opposition  of  the  working  force  has  been  one  of  the 
chief  difficulties  encountered. 

The  imcertainty  of  the  results  to  be  obtained  with  an  unfamiliar 
fuel  and  the  lack  of  a  money  incentive  for  testing  new  and  untried  op- 
erating methods  that  may  lead  to  difficulties  or  inconveniences,  are 
sufficient  to  prejudice  some  gas  makers,  even  before  a  trial  is  made. 

The  superintendent  who  is  about  to  try  a  new  fuel,  especially  one 
that  is  so  different  from  ordinary  practice  as  bituminous  coat,  must 
fit  his  method  of  introducing  the  iimovation  to  the  temperament  of 
his  operators,  realiziiig  that  for  good  results  the  cooperation  of  the 
gas  makers  must  be  obtained.  An  experienced  gas  maker  senses 
every  change  in  the  behavior  of  his  machine  and  this  peculiar  under- 
standing can  be  utilized  to  advantage  if  the  more  visible  conditions 
are  borne  in  mind  at  the  same'^ime.  This  paper  does  not  propose  to 
tell  the  superintendent  how  to  handle  his  men,  but  merely  suggests 
how  essential  to  success  is  their  cooperation. 

USB  OF  GOAL  AND  OOKE  MIXTUBBS. 

When  the  Streator  experiments  were  begun,  it  was  thought  best 
to  start  with  a  fuel  of  known  properties  and  work  gradually  to  the 
unknown  fuel;  therefore  at  the  start  a  run  of  about  one  week  was 
made  with  retort  coke  of  the  type  that  had  been  used  in  the  Streator 
plant  for  some  months,  the  operating  conditions  being  fairly  well 
established.  The  coke  that  happened  to  be  on  hand  was  not  of  good 
quality;  it  was  rather  soft  and  gave  an  obstinate  clinker  unless  an 
excess  of  steam  was  employed.  The  results  obtained  from  this  coke 
were  not  as  good  as  those  to  be  expected  from  a  better  grade  and 
consequently  are  not  given  here  as  typical  of  coke  fuel. 

After  the  performance  with  plain  coke  had  been  studied  for  about 
one  week,  operation  was  commenced  with  a  mixture  of  coal  and  coke. 
The  coal  first  used  was  mined  in  Perry  County,  111.;  its  proximate 
analysis,  sulphur  content,  and  heating  value  are  given  in  Table  8. 
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Tablb  8. — Water-gas  operaUon  with  mixtures  of  coal  and  coke  as  generator  fuel. 


Set  A. 

SetB. 

SetC. 

100  per 
cent 
ooke. 

60  per 
centcoaL 

70  per 
cent  coal. 

75  per 
centcoaL 

100i>er 
centcoaL 

75  per 
centcoaL 

80  per 
centcoaL 

100  per 

cent 

coke. 

...... convotodoQ.  ft 

Make  per  boor... do 

Make  per  nm . . .  .do. . . . 
Make  per  square  foot 
grate  ana  per  run- 
ning boor. 

184,000 

23,000 

2,706 

1,840 
560 

8 

4 

18.5 
1,750 

1,940 

40 
36 

42 

44.5 
2.94 

/2up. 

\1  down. 

8 

194,000 

21,500 

2,806 

1,090 
566 

8 

4 

20.0 
1,660 

1,700 

40 
88 

55 

49lO 
2.78 

2  up. 

Idown. 

9 

197,000 

23,200 

3^130 

1,860 
564 

3 
4 

18.5 
1,550 

1,486 

84 
37 

45.3 

45.6 
2.55 

lup. 

Idown. 

8.5 

181,000 

22,200 

2,780 

1,775 
584 

3 

4 

19.5 
1,560 

1,670 

82 

35 

48.2 

47 
2.76 
lup. 
1  down. 

&15 

17:^,000 

21,200 

2,606 

1,700 
558 

3 

17.5 
1,170 

1,350 

82 
34 

41.1 

52 
2.79 
2  up. 
Idown. 

8.12 

195,000 

26,000 

3,305 

2,080 
661 

3 
4 

17.5 
<T) 

(T) 

(?) 

47 
2.51 
lup. 
1  down. 

7.5 

172,000 

23,400 

3,046 

1,872 
560 

3 

4 

15 
(T) 

(?) 

1^ 

(?) 

46.5 
.     2.66 
lup. 
1  down. 

7.35 

279,500 

25,400 

3,630 

2,016 
600 

3 
5 

B.  t.  dl  of  fltalBhed  gBs. . . 
Cycle: 

Blast  prossore 

t  inches  of  water.. 

Air  per  minute.. on.  ft. . 
Airper  l,000ft.of  flniab- 

ea  gas  made . .  CO.  f t. . 
Steam  per  minute: 

Up  runs lbs.. 

Down  runs,  .do 

Steam  per  1,000  ft.  of 

gas  made llM.. 

Generator  ftiel  per  1^ 

on  per  1.000  ft 

19 
1,890 

1,490 

22.0 
27.1 

33.0 

36.7 
3.58 

Up  and  down  runs 

Dally  opemtlnff  time 
. ............Inoun.. 

ILO 

NoTB.^8ets  A  and  B  were  located  in  ttieStreator  plant.   SetB.notb^mg 
meto^,  was  operated  experimentally  only  when  set  A  was  down  for 
operated  with  ooke  fuel,  and  results  from  this  set  are  giveo  for  com] 
Jul  these  sets  had  the  same  internal  diameter,  4  feet. 

The  fuel  mixture  first  used  consisted  of  55  per  cent  coal  and  45 
per  cent  coke.  The  coal  was  mixed  by  loading  the  charging  bucket 
with  fuel  from  separate  piles  at  the  same  time,  account  having  been 
kept  of  the  amount  of  each  fuel  weighed  in  during  the  day.  Each 
day  the  percentage  of  coal  was  increased  a  trifle,  and  operating  con- 
ditions were  varied  to  give  the  best  results  obtainable  with  each 
mixture.  After  about  six  weeks  of  operation  100  per  cent  coal  was 
used.  Table  8  gives  typical  results  obtained  with  various  mixtures 
of  coal  and  coke. 

This  table  does  not  indicate  any  very  marked  differences  which 
can  definitely  be  attributed  to  the  proportions  of  coal  and  coke  in 
the  various  mixtures.  Consideration  of  all  of  the  results  obtained 
with  various  mixtures  under  approximately  uniform  conditions  in- 
dicates, however,  that  the  percentage  of  coal  in  the  mixture  does 
affect  the  production  capacity  to  a  certain  extent,  and  in  a  way  some- 
what different  from  what  might  be  expected. 

Figure  9  is  a  curve  showing  the  gas  production  per  square  foot  of 
grate  area  per  hoiu*,  with  various  percentages  of  coal  in  the  generator 
fuel  mixture.  It  will  be  noted  that  mixtures  containing  over  55  per 
cent  of  coal  attain  the  maximum  rate  of  gas  production  with  about 
70  per  cent  coal,  the  make  decreasing  with  higher  or  lower  percent- 
ages of  coal. 
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Adjacent  points  on  the  curve  are  not  necessarily  determined  by 
data  obtained  on  successive  days.  The  fact  that  the  percentages  of 
coal  were  varied  during  this  period,  however,  leads  to  the  belief  that 
there  is  a  proportion  most  favorable  for  TniYing  fuels.    The  fuel  and 

oil  efficiencies  appear  to  be  as 
favorable  at  this  point  as  at  any 
other,  but  the  variation  from  day  to 
day  seems  to  be  too  much  affected 
by  other  conditions  to  permit  the 
plotting  of  a  curve  showing  the 
effect  of  fuel  proportions  on  these 
*      *«    efficiencies. 

CX>NTBOL  OF  ABGHIXO  AND  OAKINO 
IN  THE   GENEBATOB. 

Arching  can  be  readily  prevented 
by  making  charges  of  normal  size 
with  greater  frequency  during  the 
early  part  of  the  day's  run.  At 
Streator  it  was  the  practice  to  make 
one  run  in  the  morning  before  coal- 
ing; this  will  be  discussed  later. 
A  normal  charge  was  added  after 
the  first  run  and  another  after  the 
third  run.  This  method  was  con- 
tinued until  the  fire  was  up  to  its 
usual  operating  level — ^level  with 
the  bottom  of  the  take-off  connec- 
tion— as  with  coke.  This  depth  of 
the  fire  was  maintained  by  chaiges 
of  normal  size  35  to  45  minutes 
apart.  The  weight  of  each  charge 
was  about  the  same  as  that  of  the 
normal  charge  when  coke  was  used. 
The  resistance  to  the  passage  of  air 
through  the  fire  was  found  to  be 
not  excessive  with  this  method  of 
charging,  the  fire  burned  down 
uniformly,  and  there  was  no  arch- 
ing ;  consequently  barring  down  was 
no  longer  necessary.  When  a  coal  with  very  strong  coking  properties 
is  used  and  arching  persists  even  under  the  above  conditions,  the 
difficulty  can  be  remedied  by  making  smaller  but  more  frequent 
charges,  although  thb  neeawtates  opening  the  generator  more  fre- 
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quently  and  causes  a  certain  loss  of  operating  time.  In  many  plants 
the  loss  of  time  during  coaling  is  excessive  and  could  be  reduced  con- 
siderably by  standardizing  the  movements  of  the  various  men  partici- 
pating. It  will  usually  be  found,  however,  that  the  time  required 
for  coaling  with  Central  District  coals  is  no  greater  than  with  coke. 

BEDUCnON  OF  CAPACITT  WITH  COAL  FUEL,  WITH  THE  USUAL  OPEBATENQ 

METHODS. 

Experiments  with  coal  in  the  Streator  plant  during  operating  prac- 
tice similar  to  that  used  with  coke  soon  demonstrated  that  Uttle  in- 
crease in  the  production  capacity  was  to  be  expected  without  a 
radical  change  in  operating  methods.  The  results  obtained  with  coal 
at  Streator,  therefore,  tended  to  confirm  those  from  other  plants, 
although  the  capacity  reduction  was  not  so  great  as  had  been  reported 
by  some  of  them.  The  average  make  per  square  foot  of  grate  area 
in  the  Streator  plant  was  1,700  cubic  feet  per  hour  with  coal  fuel, 
whereas  makes  of  from  2,000  to  2,200  cubic  feet  per  hour  could  have 
been  reasonably  expected  with  coke  of  good  quality.  A  reduction 
in  capacity  of  20  to  25  per  cent  was  therefore  indicated.  To  remedy 
the  conditions  that  cause  decreased  capacity  and  disturb  the  heat 
balance  in  the  set,  the  so-called  "blow-run"  method  was  devised. 
This  method  wiU  be  discussed  on  page  62. 

AIB  PX7BOE. 

In  most  plants  using  coal  fuel,  the  practice  is  to  purge  out  the  gas 
remaining  ia  the  set  at  the  end  of  the  steam  run  with  blast  gas.  This 
is  accomplished  by  opening  the  generator  blast  valve,  after  shutting 
oJBf  the  steam,  several  seconds  before  the  stack  valve  is  opened.  The 
generator  blast  gas  formed  displaces  the  residual  gas  in  the  set.  That 
this  procedure  is  sometimes  advantageous  is  evident  from  a  consid- 
eration of  the  composition  of  the  gas  remaining  in  the  set  at  the  end 
of  the  steam  run.  The  following  is  a  typical  analysis  of  a  generator 
gas  produced  with  coal  during  the  last  minute  of  the  steam  nm: 

AnalyM  of  generator  gas,  319  B.  t  u,  per  cubic  foot. 

Percent. 

COa 12.2 

Dl 2 

Oa 0 

CO 27.2 

CH4 5.2 

Ha 53.2 

Na 2.0 

Total lOaO 

The  gas  leaving  the  set  during  the  purge  is  usually  richer  than 
this,  due  to  the  presence  of  iliununants  remaining  from  the  cracking 


58  BITUMINOUS  COALS  AS  WATKE-6AS  GENERATOR  FX7EL. 

of  some  residual  oil  that  may  not  have  been  entirely  decomposed 
during  the  earlier  portion  of  the  run. 

This  residual  gas  is  worth  saving  if  it  can  be  purged  out  of  the  set  by 
blast  gas  within  a  reasonable  time  and  if  care  is  taken  that  the  purge 
is  not  so  prolonged  that  not  only  the  residual  gas  but  some  lean  blast 
gas  passes  on  to  the  holder.  The  importance  of  limiting  the  duration 
of  the  purge  very  carefully  is  evident  from  the  composition  of  the  gas 
formed  in  the  generator  at  the  beginning  of  the  blow.  The  following 
is  a  typical  analysis  of  blast  gas  52.5  B.  t.  u.  sampled  at  the  generator 
lid  at  the  beginning  of  the  blow: 

Analym  of  generator  gas,  52^  B,t.u,  per  euJbiefoou 

Perooat. 

CO, 17.5 

Oa 5 

lU 2 

CO 2.8 

Ha 4.0 

CH4 2.5 

N3 72.5 

Total 100. 0 

The  mixture  of  only  a  small  amount  of  this  very  lean  gas  with  the 
finished  gas  in  the  holder  would  evidently  offset  any  advantage  that 
would  be  realized  from  saving  the  residual  steam-run  gas  in  the  set. 
All  operators  do  not  understand  this,  as  is  evident  from  the  fact  that 
some  are  using  air  purges  of  such  length  that  the  amount  of  oil 
required  per  1,000  cubic  feet  to  enrich  their  blue  gas  is  excessive. 
When  the  air  purge  is  used,  its  duration  should  be  carefully  regulated 
so  that  the  blast  gas  formed  is  just  sufficient  to  purge  out  the  good 
gas  remaining  in  the  set.  The  time  needed  for  accomplishing  this 
will  vary  in  different  plants  according  to  the  back  pressure  on  the  set 
and  the  blast  pressure  available.  In  fact,  when  the  blast  pressure  is 
low  and  the  back  pressure  is  excessive,  it  may  be  impossible  to  purge 
the  set  by  this  method;  if  it  is  possible,  it  may  take  too  much  time  to 
be  advantageous.  The  correct  length  of  air  purge  can  usually  be 
determined  from  the  appearance  of  the  flame  at  the  stack  when  the 
stack  valve  is  opened,  the  presence  of  yellow  flame  usually  indicating 
that  some  fairly  rich  gas  still  remains  in  the  set.  At  Streator  an  air 
purge  of  about  6  seconds  was  found  to  be  satisfactory. 

SMOKE   PREVENTION. 

The  smoke  given  off  by  a  gas  works  or  other  plant  is  naturally 
much  more  objectionable  in  some  localities  than  in  others.  Some 
operators  whose  plants  are  situated  in  or  near  residence  districts  have 
feared  the  creation  of  a  smoke  nuisance  from  the  use  of  bituminous 
coal  as  generator  fuel  more  than  any  other  objection  raised  to  the 
use  of  such  fuel.    It  is  difl&oult  to  prevent  the  escape  of  smoke  from 
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any  gas  plant  at  times  regardless  of  the  fuel  used.  The  possibilities 
of  smoke  productions  are  somewhat  greater  with  bituminous  coal  than 
with  coke,  but  by  arranging  the  opetuting  conditions  it  is  possible  to 
reduce  smoke  to  a  minimimi;  if  not  to  abolish  it  entirely. 

In  a  water-gas  set,  as  in  boiler  plants  or  other  furnaces,  smoke  from 
coal  is  caused  by  incomplete  combustion.  If  conditions  are  so 
adjusted  that  combustion  is  complete  at  all  times  no  smoke  will  be 
produced.  Smoke  is  most  difficult  to  control  when  a  set  is  put  into 
operation  after  a  long  lay-over;  it  follows,  therefore,  that  the  amount 
of  smoke  to  be  controlled  is  likely  to  be  greater  in  plants  operating 
but  a  small  portion  of  the  day  than  in  those  running  nearly  full  time. 
If  a  large  amount  of  green  coal  is  put  in  the  generator  and  blasted 
after  the  fire  is  cleaned  in  the  morning  following  a  lay-over  of  several 
hours  a  large  amount  of  gas  is  evolved.  This  gas  would  perhaps  be 
combustible  by  itself,  but  it  is  diluted  by  a  considerable  amount  of 
carbon  dioxide  formed  during  the  early  part  of  the  blasting  period  by 
the  combustion  of  the  incandescent  fuel  below.  Considerable  steam 
is,  moreover,  produced  by  the  decomposition  of  the  green  fuel  and  by 
the  evaporation  of  the  moisture  in  the  coal.  Thus,  there  exists  the 
condition  of  a  lean  gas  mixture,  carrying  tarry  vapors,  passing  from 
the  generator  into  the  carburetor  and  the  superheater,  and  thence  up 
the  stack.  The  generator  gases  are  difficidt  to  ignite  at  the  very 
beginning  of  the  blast  even  with  coke  fuel,  but  since  they  are  colorless 
and  carry  no  tarry  vapors  no  smoke  is  produced. 

The  problem  with  coal  fuel  is,  then,  to  bring  the  gases  as  soon  as 
possible  to  such  a  requisite  degree  of  richness  that  they  will  bum 
at  the  prevailing  temperature  in  the  checker  chambers.  This 
can  be  accomplished  if  the  temperature  of  the  generator  fuel  bed 
is  maintained  so  high  that  a  large  part  of  the  CO2  formed  iii  the  zone  of 
complete  combustion  is  reduced  to  CO  by  the  upper  layers  df  the 
incandescent  fuel.  When  a  deep  bed  of  incandescent  coke  is  blasted,  it 
soon  produces  combustible  gases.  Therefore  the  gas  maker  has  two 
alternatives.  He  may  start  operation  with  coke,  getting  the  fire  hot 
and  the  generator  gases  lighted  before  charging  any  coal;  or,  if  he 
desires  to  be  entirely  independent  of  coke,  he  can  so  arrange  his 
operating  cycle  that  considerable  coked  fuel  from  the  previous  day's 
run  remain3  in  the  generator  after  the  fire  is  cleaned.  This  latter 
necessitates  retaining  a  sufficient  fuel  reserve  from  the  preceding  day 
on  which  to  operate  until  the  gases  passing  from  the  generator  are 
rich  enough  to  ignite. 

The  method  adopted  at  Streator  and  found  satisfactory  was  to 
take  only  one  or  two  runs  off  the  last  coaling  before  a  lay-over,  and 
when  no  blow-run  cycle  was  in  use  to  blast  the  fire  for  2  minutes 
before  shutting  down.  No  steam  run  followed  the  last  blast  in  this 
case.  By  this  method  of  operating,  a  bed  of  hot  fuel  was  left  beneath 
SOUS**— 24' — 5 
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the  fresh  chaige,  practically  all  of  it  being  converted  into  coke  by  the 
next  morning.  The  generator  lid  was  left  slightly  ajar  ovemight,  and 
sufficient  air  entered  there  to  bum  the  volatile  given  off  by  the  coal. 
This  device  helped  to  maintain  aconstant  temperature  in  the  carburetor 
and  the  superheater,  but  there  was  no  overheating  of  these  chambers. 
After  the  fire  was  cleaned  in  the  morning,  which  usually  did  not  take 
more  than  20  to  40  minutes,  a  considerable  bed  of  fuel  remained  for 
starting  operation.  This  fuel  was  blasted  about  10  xninutes.  Within 
1  to  5  minutes  the  gases  were  combustible  and  could  be  lighted  in  the 
carburetor.  After  one  run,  a  normal  size  charge  of  coal  was  made,  and 
in  the  subsequent  blast  little  or  no  difficulty  was  experienced  in  ignit- 
ing the  gases  and  burning  all  or  nearly  all  of  the  smoke.  After  the 
start-up  period,  but  little  difficulty  should  be  encountered  in  over- 
coming the  smoke  nuisance  if  operating  conditions  are  normal;  that  is, 
(a)  if  the  generator  is  kept  hot  enough  to  produce  combustible  gas 
during  the  blast;  (6)  if  the  checkerwork  is  hot  enough  to  ignite  the 
mixture  of  this  gas  with  the  secondary  air,  as  suppUed  by  carburetor 
blast ;  and  (c)  if  the  combustible  gas  and  carburetor  air  are  properly 
mixed  and  in  correct  proportions. 

Some  of  these  conditions,  when  lacking,  may  be  attained  by  chang- 
ing the  operating  procedure.  For  example,  if  the  heats  in  the  car- 
buretor and  the  superheater  are  too  low,  an  increased  amount  of 
generator  blast  or  a  decreased  amount  of  steam  used  diiring  the  run 
are  obvious  remedies.  When  the  mixing  of  air  and  blast  gases  in  the 
carburetor  and  the  superheater  is  poor,  it  sometimes  may  be  remedied 
by  a  rearrangement  of  the  checkerwork  spacing,  or  by  some  device  in 
the  secondary  air  inlets  to  the  carburetor  and  the  superheater  that 
wiU  cause  the  incoming  air  to  mix  more  intimately  with  the  blast  gas 
from  the  generator.  Such  cases  must  have  individual  attention,  and 
no  specific  suggestion  that  will  cover  all  conditions  can  be  given. 

OONTROL  OF  CLINKER. 

In  order  to  keep  the  temperature  of  the  carburetor  and  the  super- 
heater within  limits  consistent  with  efficient  practice,  it  was  necessary 
to  oversteam  the  generator  during  the  Streator  experiments  when 
the  set  was  operated  with  coal  and  the  methods  commonly  used  with 
coke  fuel  were  employed.  This  tended  to  prevent  the  clinker  from 
forming,  or  at  least  made  it  rather  brittie.  Very  little  difficulty  was 
experienced  from  clinker  during  the  experiments,  particularly  after  a 
desirable  operating  cycle  was  formulated.  In  the  early  stages  of  the 
work  some  difficulty  was  encountered  with  side  clinker — "  edgings" — 
but  this  source  of  trouble  was  soon  eliminated  by  increasing  the  per 
cent  of  down  runs,  whereupon  the  clinker  fused  and  no  longer  clung 
to  the  wall,  but  collected  on  the  grate,  from  which  it  was  easily 
removed.  Barring  down  clinkers  through  the  charging  door  was  no 
longer  necessary. 
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After  the  blow-run  method  of  operation  was  adopted,  the  clinker 
formed  was  somewhat  harder  but  never  gave  as  much  trouble  as  that 
from  the  coke  formerly  used  in  the  Streator  plant. 

SSLEOHON  OF  GOAL. 

When  a  Central  District  coal  is  selected  as  generator  fuel^  many  of 
the  requisites  for  other  generator  fuels  hold.  For  example,  the  coal 
should  not  break  up  much  on  handling  and  it  shoidd  be  as  free  as 
possible  from  ash.  The  sulphur  content  is  also  a  very  important  con- 
sideration. Analyses,  of  the  coale;  used  in  Streator  indicate  that  at 
least  one-fourth  of  the  sulphur  present  in  the  coal  passes  into  the  blue 
gas.  For  example,  a  coal  containing  about  1.57  per  cent  S  gave  155 
grains  of  H^S  per  100  cubic  feet  of  the  blue  gas.  The  Texas  oil  used 
in  the  carburetor  increased  this  amount  to  200  grains  per  100  cubic 
feet  in  the  unpurified  carbureted  gas.  In  general,  it  seems  probable 
tJliat  any  plant  not  equipped  to  purify  raw  gas  containing  more  than 
200  grains  of  HjS  per  100  cubic  feet,  at  the  average  rate  of  purifica- 
tion, should  use  a  coal  with  a  sulphiu:  content  not  exceeding  1.5  per 
cent  in  the  delivered  coal.  Illinois  State  Geological  Survey  Bulle- 
tin 23  gives  "  a  list  of  the  mines  of  the  Central  I^istrict  that  could 
probably  furnish  coal  complying  with  this  condition. 

The  size  of  coal  required  for  water-gas  manufacture  is  also  impor- 
tant, as  with  the  other  fuels.  Since  nearly  all  Central  District  coals 
show  the  coking  property  in.  varying  degrees,  however,  it  is  not  possi- 
ble to  pr^cTiibe  one  size  for  all  coals. 

The  stronger  the  coking  property  of  .a. coal  the  greater  is  the  tend- 
ency for  the  lumps  to  mat  in  the  fire,  bringing  about  conditions 
similar  to  those  existing  when  a  coal  containing  considerable  slack 
is  used.  In  the  experiments^  at  Streator  Jlarge  egg  size  (4  to  6  inches) 
gaye  satisfactory  results.  Some  coals  broke  up  more  readily  than 
others,  so  that  there  was  considerable  slack.  Although  it  is  possible 
to  use  coal  containing  considerable  slack  under  favorable  conditions 
of  blast  pressure,  such  fuel  tends  to  obstruct  tbe  passage  of  air 
through  the  fire.  Careful  forking  and  th^  avoidance  of  unnecessary 
breakage  in  handliQg  are  therefore  recommended. 

Certain  Central  District  coal9  tend  to  disintegrate  somewhat  during 
storage,  especially  if  exposed  to  the  weather.  Therefore  it  seems 
inadvisable  to  store  coal  for  water-gas  manufacture  longer  than  is 
necessary  to  maintain  an  adequate  stock.  When  circumstances  ne- 
cessitate the  storage  of  such  coal,  the  purchase  of  a  larger  size  than 
otherwise  required  may  be  advisable  to  make  due  allowance  for  dis- 
integration and  breakage.  The  larger  sizes  are  also  less  liable  to 
spontaneous  ignition. 

ucady,  0.  H..  Minos  pro^ucinc;  low-solphnr  ooal:  Bull.  2|,  lUlaoU  State  O«olo|idal  8iirv«y,  Coop. 
Htn.  Ser.,  1910,  p.  0. 
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BLOW-BITK  XBTHDD  OV  OBEELJkXLOHi. 

Data  obtamed  in  tests  showed  that  when  co&l  is  used  &.^  ^ 
fuel  it  is  desirable  to  increase  the  capacity  and  efficiency  <^  •' 
by  maintaining  a  higher  temperature  in  the  gener&tor,  by  pe* 
excessive  heating  of  the  checker  chambers  by  utilizing  mtr 
heat  stored  in  them,  and  by  obtaining  more  of  tlie  volati- 1 
of  the  coal  in  the  finished  gas. 

In  order  to  accomplish  these  objects,  the  so-called  blow-ru  J 
of  operation  was  instituted.    This  was  run  as  f oUonvins : 

1.  A  blast  was  made  of  sufficient  length  (3  minutes,  for  -1 
to  heat  the  carburetor  and  the  superheater  to  the  desired  :-J 
tures. 

2.  The  superheater  and  carburetor  blast  valves  inrere  c1«p. 

3.  The  stack  valve  was  closed. 

4.  The  generator  blast  was  continued  for  a  fraction  of  . 
(15  to  45  seconds),  the  combustible  gas  produced  passin*: 
to  the  holder.  I 

5.  The  generator  blast  valve  was  closed  and  a  regfular  str- 
of  suitable  length  (about  3  J  minutes)  was  made,  oil  being  *- 
to  the  carburetor  in  the  customary  manner. 

6.  After  the  completion  of  the  run,  the  generator  blast  wa.^- 
and  a  purge  of  suitable  length  (6  to  15  seconds)  was  made  - 
holder  before  opening  the  stack  valve. 

The  adoption  of  this  cycle  presented  no  special  difficulti*^- 
Streator  plant.     The  gas  maker  had  to  work  carefuUy  at  tr- 
avoid  operating  the  valves  in  the  wrong  sequence,  but  he  soon  J' 
accustomed  to  the  new  procedure,  and  it  was  then  perfonne'^ 
as  automatically  as  before.    The  effects  of  this  operating- 
may  well  be  discussed  under  the  following  heads:  First,  efr' 
generator  conditions;  second,  effect  on  quantity  and  compo^^-- 
finished  gas;  third,  effect  on  carburetor  and  superheater  contr' 
fourth,  effect  on  fuel  and  oil  economy;  fifth,  effect  on  oU-cn 
efficiency;  and,  sixth,  effect  on  production  capacity.     Naturally 
are  to  a  great  extent  interrelated. 

SFFBOTS  ON   GENBRATOB  OONDITIONS. 

The  effects  of  the  blow-run  method  on  conditions  in  the  gener*'- " 
imdoubtedly  the  most  important,  for  although  certain  idtimateff* 
in  capacity,  economy,  and  quality  of  production  are  sought  ^^ 
generator  is  the  key  to  the  entire  situation.  This  is  evident  •* 
the  fact  that  from  75  to  80  per  cent  of  the  finished  gas  is  madei^ 
generator. 

The  addition  of  30  seconds  to  the  time  of  blasting  the  geoi'^ 
fuel  affected  results  decidedly.    So  far  as  coidd  be  observed  fn^i^ 
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appearance  and  behavior  of  the  set,  the  average  temperature  of  the 
fuel  bed  was  materially  increased,  resulting  in  a  greater  make  of 
blue  gas  per  minute  during  the  actual  steam  run.  The  quality  of 
the  blue  gas  was  also  improved.  The  following  analyses  exemplify 
this  change  in  composition. 

Table  9. — Typical  analyses  of  blue  gas  produced  with  coal  fudy  wiih  and  without  the 

biow-run  cycle. 

[B.  t.  u.  per  cable  foot  (calculated):  With  blow  ran,  337;  without  blow  ran,  314.] 

With  blow       Without 
ran,  blow  ran. 

Carbon  dioxide  (COa) 6. 5  7. 5 

Oxygen  (O,) 2  .2 

lUuxninants _ .' .7  .2 

Carbon  monoxide  (CO) Sai  82.S 

Methane  (OHf) 5.2  4.4 

Hydrogen  (Hj) 48.9  49.0 

Nitrogen  (N,) 5. 4  6. 4 

Total 100.0  100.0 

The  analysis  of  the  blue  gas  made  by  the  blow-nm  method  does  not 
include  the  gas  actually  made  during  the  blow  run,  but  illustrates 
the  effect  of  this  method  on  the  quality  of  the  gas  produced  during 
the  steam  nm. 

These  two  analyses  represent  typical  differences  in  composition. 
The  absolute  analyses  varied  considerably  according  to  conditions, 
including  the  temperature  of  the  fuel  bed,  the  amount  of  steam  used; 
the  length  of  the  run,  the  length  of  blow  ru^  employed,  and  the 
quality  of  coal.  Some  analyses  of  the  blue  gas  made  during  the 
first  run  after  coaling  gave  calculated  heating  values  as  high  as  354 
B.  t.  u.,  while  without  the  blow-run  method  320  B.  t.  u.  per  cubic 
foot  was  the  majdmum  obtained. 

The  analyses  in  Table  10  indicate  the  change  in  composition  of  the 
blue  gas  from  run  to  run  in  the  interval  between  two  successive 
coalings. 

Table  10. — Analyses  of  blue  gas  produced  during  successive  runs  between  coalings. 
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"Each  sample  was  taken  at  a  fairly  umfonn  rate  durmg  <iie  run, 
but  since  the  rate  of  gas  production  was  HiTninishing  from  the  be- 
ginning to  the  end  of  each  nni,  each  analysis  does  not  represent 
the  absolute  average  of  the  gas  made  during  the  run. 

The  increased  fuel-bed  temperature  attained  altered  materially 
the  nature  of  the  clinker.  The  alteration  was  greater  with  some 
coals  than  with  others.  The  coals  having  less  fusible  ash  formed 
very  little  clinker  when  the  blow  run  was  not  used.  Under  these  cir- 
cumstances, much  of  the  ash  did  not  fuse,  but  remained  soft.  As  a 
day's  run  progressed,  this  ash  accumulated,  with  the  residt  that  the 
active  fuel  bed  became  constantly  shallower  and  the  rate  of  gas  pro- 
duction decreased  very  materially  toward  the  end  of  the  running 
time.  With  the  blow  run,  on  the  other  hand,  the  temperature  was 
sufficient  to  bring  nearly  all  of  the  ash  down  to  the  grate  as  clinker  and 
permitted  the  maintenance  of  a  deep  fuel  bed.  Despite  the  fact  that 
the  clinker  might  be  expected  to  offer  more  resistance  to  the  passage 
of  air  blast  than  unfused  ashes,  production  was  maintained  at  a  more 
normal  rate  in  the  Streator  plant  with  the  blow-run  method  than 
without  it. 

The  blow-run  method  also  helped  to  counteract  smoke  production. 
As  stated  ui  a  previous  section,  one  of  the  sources  of  smoke  is  a  cold 
generator  that  produces  a  lean  blast  gas  and  tarry  vapors  resulting 
from  the  distillation  of  the  coal.  As  soon  as  the  generator  becomes 
hot,  richer  blast  gas  is  produced,  which  bm-ns  when  ignited  in  the 
checker  chambers  and  assists  in  consuming  the  tarry  vapors  that 
would  otherwise  leave  the  set  as  smoke. 

EFFECTS  OF  BLOW  EUN  ON  COMPOSITION  OF  FINISHED  GAS. 

The  volume  of  blow-run  gas  in  the  finished  gas  depends  upon  the 
length  of  the  blow  run,  the  blast  pressure  available,  and  the  back  pres- 
sure against  which  the  gas  produced  has  to  be  forced.  In  other 
words,  it  depends  upon  the  volume  of  air  blast  that  can  be  forced 
through  the  fire  (for  the  production  of  blow-run  gas)  per  1,000  cubic 
feet  of  finished  gas  made.  Obviously,  if  the  back  pressure  of  the 
collecting  main  from  the  set  to  the  relief  holder  were  the  same  as  the 
gas  pressure  at  the  outlet  of  the  set  during  the  blow  run,  no  gas 
would  flow  from  the  set  to  the  holder.  This  is  a  condition  that 
may  actually  exist  in  some  plants,  especially  those  larger  ones  in 
which  several  sets  are  being  operated  with  but  one  collecting  main. 

With  the  blast  pressure  obtainable  in  the  Streator  plant  it  was 
possible  to  force  about  1,260  cubic  feet  of  air  per  minute  through  the 
fire  during  the  blow.  During  the  blow  nm  with  the  same  coal,  the 
air  meter  showed  only  1,000  cubic  feet  of  air  per  minute  passing 
through  the  fire,  although  the  air  pressure  at  the  base  of  the  gen- 
erator had  increased  from  18  to  28  inches,  due  to  this  resistance. 
From  the  composition  of  the  gas,  it  is  estimated  that  blow-run  gas 
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was  produced  from  this  yohime  of  air  at  the  rate  of  about  1,200  cubic 
feet  per  minute;  therefore,  with  a  30-second  blow  run,  about  600 
cubic  feet  of  gas,  or  approximately  18  per  cent  of  the  finished  gas 
per  run,  was  made  during  the  blow-run  period.  It  is,  moreover, 
estimated,  in  lieu  of  any  exact  measurements,  that  the  voltune  of  the 
blow-nm  gas  was  equal  to  25  to  30  per  cent  of  that  of  the  uncar- 
bureted  gas.  The  presence  of  this  amount  of  blow-run  gas  in  the 
finished  gas,  and  the  use  of  additional  oil  to  carburet  to  the  required 
standard,  gives  a  gas  of  the  composition  shown  in  Table  11.  An 
analysis  of  finidied  gas  produced  without  the  blow  run  is  also  shown 
for  comparative  purposes.  These  analyses  are  typical  of  the  finished 
gas  produced. 

Table  ll.-^Compoiitumi^finMidgasa. 

[B.  t.  u.  (ooiii|Ntto<):  Wltli  blMT  nm,  Sft,  iHAmit  blow  ran,  MO.] 

Without  With 

blow  run.         blow  run. 

00a 5.8  4  7 

Oa 5  .5 

lUuminants a  7  10.0 

CO 27.3  25.6 

OH4 12.5  13.7 

H3 38.0  27.1 

Na 7.2  18.5 

Total 100.0  100.0 

The  amount  of  oxygen  is  the  same  in  both  analyses  (0.5  per  cent). 
This  oxygen  was  probably  not  in  the  gas  originaJly,  but  was  intro- 
duced into  it  when  the  sample  was  taken.  Since  one  volume  of 
oxygen  is  associated  with  about  four  volumes  of  nitrogen  in  the  air 
it  is  evident  that  the  actual  amounts  of  nitrogen  in  the  two  gases 
were  5.2  and  16.5  per  cent,  respectively. 

Analyses  show  that  the  blow  run  does  not  introduce  air  as  such 
into  the  gas ;  accordingly,  there  is  no  danger  of  making  an  explosive 
mixture  in  the  holder  or  mains. 

Assuming  that  the  heating  value  of  the  two  gases  is  identical  and 
that  it  is  economically  feasible  to  use  the  blow  run  in  a  given  case, 
there  appears  to  be  no  important  reason,  from  the  utilization  stand- 
point, why  the  nitrogen  content  should  be  objectionable.  Criticism 
of  the  presence  of  inert  material  in  the  gas  is  usually  based  upon  the 
theoretical  temperature  usually  called  the  ''flame  temperature''  that 
could  be  obtained  if  all  the  heat  from  burning  the  gas  were  used  to 
heat  the  products  of  combustion  only.  This  flame  temperature  (as 
computed  mathematically  from  the  gas  analysis,  using  the  commonly 
accepted  values  for  specific  heats  of  the  combustion  products  at  high 
temperatures)  is  usually  lower  in  the  presence  of  appreciable  amounts 
of  inert  substances,  since  it  must  be  assumed  that  the  latter  are 
heated  with  the  combustion  products,  although  they  do  not  con- 
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tribute  heat.  Such  computations  applied  to  the  abpve  analyses 
give  'Aflame  temperatures"  of  3,560^  F.  for  gas  with  the  blow  run 
and  3,600^  F.  for  gB»  without  the  blow  run,  differing  from  each  other 
by  only  about  1.7  per  cent.  Wbaa  it  is  considered  that  most  of  the 
gas  is  burned  in,  appliances  and  used  where  the  heated  material  attains 
a  temperature  far  below  the  calculated  flame  temperature,  it  is  evi- 
dent that  the  transfer  of  heat  from  the  gases  to  the  heated  material 
would  be  little  affected  by  such  small  differences  in  the  theoretical 
flame  temperature.  This  difference  becomes  still  more  n^^igible 
when  it  is  considered  that  with  average  operation  less  than  50  per 
cent  of  the  heat  of  combustion  usually  passes  into  the  matmal  heated. 
The  investigation  committee  of  the  Institution  of  Gas  Engineers 
(British)^  reported  that  its  investigations  in  the  utilization  of  gases 
of  various  grades  and  compositions  indicate  that  the  effect  of  the 
presence  of  20  to  25  per  cent  of  inert  substances  on  combustion  of 
gases  having  a  heating  value  of  more  than  500  B.  t.  u.  is  practically 
negligible. 

As  will  be  noted  from  the  analyses,  the  percentage  of  illuminants  is 
higher  in  the  gas  made  with  the  blow-run  cycle.  This  is  to  be  ex- 
pected, since  more  oil  is  required  to  maintain  a  given  standard.  No 
evidence,  however,  was  gathered  from  the  experiments  at  Streator 
that  the  gas  was  any  more  stable  with  one  method  than  with  another. 
The  imseasonably  warm  weather  during  the  course  of  the  experiments 
made  the  determination  of  condensation  losses  diflScult.  It  might 
be  stated  that  while  the  experiments  were  in  progress  at  Streator 
there  was  no  report  by  the  company  of  complaints  arising  from  the 
quality  of  gas  furnished  to  consumers. 

EFFECTS   OF  BLOW  RUN  ON  OABBtTBETOR  AND  SUPEBHEATEB. 

An  attempt  to  bring  the  generator  to  a  good  working  temperature 
with  coal  fuel  usually  necessitates  a  length  of  blow  period  that  over- 
heats the  carburetor  or  superheater,  unless  much  of  the  combustible 
blast  gas  is  burned  at  the  stack,  or  heat  is  taken  from  these  chambers 
by  overblowing  them.  Increasing  the  blasting  time  by  the  intro- 
duction of  a  blow  run,  even  though  this  blow  run  be  but  a  fraction 
of  a  minute  in  duration,  assists  materially  in  heating  the  generator, 
but  does  not  add  any  appreciable  amount  of  heat  to  the  carburetor 
and  superheater,  since  the  gas  produced  in  the  generator  during  the 
blow  run  is  not  burned  in  these  chambers  and  the  temperature  of 
this  gas  as  it  leaves  the  generator  is  probably  lower  than  that  of  the 
checkerwork. 

In  order  to  illustrate  the  changed  conditions  brought  about  by  the 
use  of  the  blow-run  method  and  to  point  out  the  more  prominent 
factors  involved  in  the  selection  of  a  proper  cycle,  the  two  sample 
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tests  presented  as  Table  12,  embodying  some  of  the  results  obtained 
dining  the  experiments  at  Stieator,  are  considered.  Column  A  shows 
the  operating  figures  without  a  blow  run  and  column  B  the  figures 
with  a  blow  run. 

Table  12. — Typical  remits  showing  sotm  of  the  effects  of  the  blow-run  method  of  operating- 

Test  A  (without  Test  B  (with  blow 

blow  ran).  ran). 

Blue  gas  a cu.  ft.  per  1,000  ft. .        815  (314  B.  t.  u.)       625  (337  B.  t  u.) 

Blow-run  gas do 180  (153  B.  t.  u.) 

Oil  gas  o do. ...        185  (1,670  B.t.u.)        195  (1,656  B.t.u.) 

Total do....     1,000  1,000 

Make  per  run cubic  feet. .    2, 700  3, 500 

Oil  pw  ran gallonB. .        7.7  10.5 

Oil  per  thousand  feet do....      2.85  3.05 

Per  cent  of  blue  gas  in  fi^iished  gas 8L  5  62. 5 

Per  cent  of  blow-run  gas , 18 

Gas  burned  at  stack Considerable.  Very  little. 

Cycle $-minute  blast,  4-    3-minute    blast,    }- 

minute  run.  minute  blow  run, 

3^  minute  run. 

B.  t.  u.  of  finished  gas. 565 565 

Total  blue  gas  made  per  run.  .cubic  feet. .  2, 200 2, 190 

Blue  gas  made  per  minute  of  steam  run, 

allowing  15  seconds  of  running  time  for 

change  of  valves cubic  feet..      566 675 

Air  per  thousand  feet 1,400 1,265 

Steam  per  thousand  feet. 43.2 35.3 

It  is  evident  from  the  figures  in  Table  12  that  more  generator 
gases  are  produced  for  carbureting  per  run  in  test  B  than  in  test  A. 
Naturally,  this  requires  that  more  oil  be  admitted  to  the  carburetor 
during  the  run  represented  by  test  B.  The  increased  amount  of 
oil  absorbs  more  heat  from  the  checker  chambers.  This  requires 
the.  use  of  more  generator  air  blast  (blast  plus  blow  run)  with  the 
resulting  hotter  generator,  and  at  the  same  time  permits  practically 
all  of  the  combustible  blast  gas  to  be  burned  in  the  checker  chambers. 

It  can  be  said,  in  general,  that  when  the  same  amounts  of  air  and 
steam  are  used,  respectively,  per  minute  in  each  case,  the  ratio  of 
the  total  blasting  time  (including  the  blow  run)  to  the  length  of  the 
steam  run  must  be  greater  with  the  blow-run  method  than  without 
it.  Although  a  blow  run  of  almost  any  desired  length  may  be 
used  with  a  given  air-blast  condition,  it  must  be  remembered,  in 
selecting  a  blow  run  of  specified  length,  that  as  the  duration  of  the 
blow  run  is  increased,  a  greater  quantity  of  gas  is  produced  for  car- 
bureting. Hence,  more  oil  is  required  per  run  for  enrichment, 
correspondingly  more  heat  is  absorbed  from  the  checker  chambers, 
and  therefore  a  longer  blast  or  a  shorter  steam  run  is  required  in 

a  The  exact  peroeatagee  of  blue  gaa  and  oil  gaa  Are  not  known  and  tlie  fl^ares  given  bare  are  estUnatei 
only. 
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Older  to  maintain  the  heat  balance  throu^out  the  set.  When  the 
blow  run  is  being  tried  for  the  first  time,  there  is  sometimes  a  tend- 
ency to  choose  such  a  cycle  that  the  checker  (juunbers  do  not  be- 
come hot  enough  to  crack  and  fix  the  oil  properly.  This  usually 
arises  from  failure  to  understand  the  nature  of  the  changed  con- 
ditions just  discussed.  The  tendency  when  this  condition  occnrs  is 
to  shorten  the  blow  run,  whereas  greater  capacity  and  a  better 
heat  balance  could  frequently  be  obtained  by  lengthening  the  blast 
period,  increasing  the  blast  pressure,  or  shortening  the  steam  run. 

EFFBOTS  OF  BLOW  BUN  ON   FUEL  AND   OIL  EOONOMT. 

In  the  discussion  of  the  effect  of  ihe  blow  run  on  the  composition 
and  the  quantity  of  blue  gas  produced,  it  was  pointed  out  that  a 
certain  volume  of  blow-run  gas  (the  richer  blast  gas  produced  at  the 
end  of  the  blasting  period)  is  saved  by  passing  it  into  the  relief 
holder.  In  composition,  thi3  gas  resembles  that  made  in  a  pro- 
ducer especially  designed  for  bituminous  coal.  One  might  expect 
that  the  composition  of  this  gas  woidd  vary  greatly  from  blow  to 
blow,  as  the  fresh  fuel  introduced  during  the  charge  is  distilled  and 
is  gradually  transformed  into  coke.  This  transformation  is  much 
more  gradual  than  might  be  expected,  and  the  following  analyses  of 
the  blow-run  gases  for  each  successive  blow  between  coalings  illus- 
trate the  comparative  imiformity  of  the  gas  produced  over  succes- 
sive blow-run  periods: 

Table  13. — Analyses  of  hlov^run  gas — stuxessive  runs. 


Coiirtitoenta. 

First  blow 
nm  after 
coaling. 

Second 

blow  run 

after  coal- 

iqg. 

Third 
blow  run 
after  coal- 
ing. 

Fourth 
blownm 
after  coal- 
ing. 

Average. 

COi 

Percent. 

2.1 

.6 

K.4 

3.0 

&5 

60.4 

Percent. 

2.7 

.4 

28L2 

3.3 

7.5 

».9 

Percent. 

1.9 

.3 

2ft.0 

3.0 

S.1 

fie.8 

Percent, 
2.4 

.1 

27.1 

3.0 

«.2 

60.3 

Percent. 

2.28 

.35 

CO 

27.90 

CH4 

3.30 

fiCt:  ::           . 

ft.  07 

nJ:::::::::::::::::::::::::::;::::::::::::: 

flaio 

Total 

100.0 

100.0 

loao 

loao 

100.00 

These  analyses  give  calculated  heating  values  for  the  successive 
blow  runs  of  157, 162, 153,  and  149  B.  t.  u.,  respectively,  the  average 
being  153  B.  t.  u.  The  utilization  of  the  blow-run  gas  of  this  average 
heating  value  means  a  saving  of  generator  fuel.  In  some  of  the  tests 
at  Streator,  the  volume  of  blow-run  gas  amounted  to  approximately 
18  per  cent,  or  180  cubic  feet  out  of  every  1,000  cubic  feet  of  finished 
gas  made.  The  heat  in  this  amount  of  gas  would  be  27,500  B.  t.  u., 
or  the  equivalent  of  about  2.3  pounds  of  coal.  Over  a  period  of  sey- 
eral  days'  operation,  the  generator  fuel  averaged  about  5  pounds  less 
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per  lyOOO  cubic  feet  of  finished  gas  with  the  blow-run  method  than 
without  the  blow  run,  despite  the  fact  that  the  increased  capacity 
obtained  in  the  former  case  reduced  the  daily  operating  time  nearly 
20  per  cent,  thereby  making  longer  lay-over  periods  during  which 
radiation  and  convection  losses  were  taking  place. 

Part  of  the  total  economy  obtained  when  operating  with  the  blow- 
run  method  is  due  to  a  decreased  amount  of  fuel  consumed  by  the 
air  blast,  and  part  of  it  is  due  to  a  more  efficient  utilization  of  the 
steam  during  the  run. 

The  amoimt  of  fuel  consumed  during  the  blasting  of  the  generator 
is  roughly  proportional  to  the  volume  of  air  blast  used.  It  is  not 
always  exactly  proportional,  since  the  two  following  reactions  take 
place  in  greater  or  less  degree,  according  to  the  initial  temperature  of 
the  fuel,  the  rate  of  blast,  and  other  factors: 

1.  C+0j  =  C03. 

2.  2C+Oj«2CO, 

The  carbon  consumed  according  to  reaction  1  is  only  half  as  great 
as  that  consumed  by  reaction  2,  using  the  same  amount  of  air. 

The  amount  of  generator  air  blast  used  per  1,000  cubic  feet  of 
finished  gas  is  noticeably  less  when  the  blow-run  method  is  used 
than  when  it  is  not.  The  amount  of  air  used  per  1,000  cubic  feet  in 
test  B  of  Table  12  is  90  per  cent  of  that  used  per  1,000  cubic  feet  in 
test  A.  If  reactions  1  and  2  were  taking  place  in  the  same  propor- 
tions in  tests  A  and  B,  the  fuel  consumed  during  the  blast  (not  the 
total  generator  fuel  per  1,000  feet)  would  be  proportional  to  the  air 
used  per  1,000  cubic  feet.  In  these  examples,  the  indications  are 
that  this  was  approximately  true  and  that  the  fuel  consumed  during 
the  blast  per  1 ,000  cubic  feet  of  finished  gas  made  in  test  B  was  90 
per  cent  of  that  consumed  per  1,000  in  test  A.  This  is  derived  as 
follows: 

Air  per  1,000  cubic  feet  in  test  B=l,266  cubic  feet  ,,„  ^    «^ 

Air  per  1,000  cubic  feet  in  t^t  A^l,400  cubic  ieet>^^^  P^'  ^^^*=^  P«'  ^^*- 

The  air  used  in  the  blow  run  was  included  in  the  air  per  1 ,000  feet 
(1,266  cubic  feet). 

This  factor  (90  per  cent)  is  emphatically  not  a  constant,  but  would 
vai*y  imder  different  conditions.  It  does  not  pertain  to  the  total 
generator  fuel  per  1,000  feet,  but  only  to  that  part  consumed  during 
the  blasting  of  the  generator. 

The  amoimt  of  steam  used  per  minute  of  run  in  both  tests  was  ap- 
proximately the  same,  but  the  steam  used  per  1,000  cubic  feet  of 
finished  gas  was  decidedly  less  with  the  blow-run  method  than  with- 
out it.  The  amoxmt  of  blue  gas  made  per  minute  in  test  B  was  much 
greater  than  that  made  in  test  A,  although  the  total  blue  gas  made 
per  run  Was  about  the  same  in  each  case.  Since  the  total  steam  used 
fot  the  production  of  the  same  amoimt  of  blue  gas  was  less  in  test  B, 
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an  evident  saying  is  made  by  reducing  the  amount  of  fuel  consumed 
by  the  steam  during  the  run.  Inasmuch  as  the  same  amoimt  of  gas  is 
produced  in  test  B  as  in  test  A,  with  7  pounds  less  of  steam  per  1,000 
feet;  it  may  be  assmued  that  the  saving  per  1,000  feet  is  equivalent  at 
least  to  the  amount  of  heat  required  to  raise  the  7  pounds  of  steam 
to  the  temperature  of  the  effluent  gas — approximately  1,350^  F- 
This  would  amount  to  about  one-third  of  a  pound  of  generator  fuel 
per  1,000  cubic  feet  of  gas  made. 

The  total  heat  absorbed  by  the  7  poimds  of  steam  passing  through 
the  fire  and  being  heated  to  1,350^  F.  is  approximately  3,041  B.  t.  u. 

The  hotter  generator  maintained  with  the  blow-run  method  may 
occasionally  residt  in  a  further  saving  of  fuel,  in  that  there  is  usually 
less  likelihood  of  the  fuel  passing  through  the  fire  unconsumed. 

Since  the  data  in  specimen  tests  A  and  B  are  taken  from  results 
obtained  in  a  plant  operating  only  6  or  7  hours  per  day,  it  is  impossible 
to  predict  accurately  from  the  information  available  what  the  rela- 
tive fuel  economies  with  these  two  methods  would  be  in  plants 
operating  full  time.  The  indications  are,  however,  that  a  material 
fuel  saving  could  be  expected  with  the  blow-run  method. 

The  oil  economy  is  also  affected  by  the  use  of  the  blow  run,  the 
extent  of  this  effect  depending  upon  the  length  of  the  blow-run 
period  and  the  amount  of  gas  produced  during  that  period.  The 
amount  of  oil  required  per  1,000  cubic  feet  of  gas  to  maintain  a  certain 
standard  in  a  given  plant  would  be  difficult,  if  not  impossible,  to 
predict  with  certainty  imless  many  factors  were  known,  such  as  the 
kind  of  oil,  the  quaUty  and  quantity  of  blow-run  gas  and  blue  gas 
made,  and  weather  conditions.  The  economy  possible  when  the 
blow  run  is  used  can  be  determined  only  by  trial. 

The  mixture  of  blue  gas  and  blow-run  gas  produced  by  the  blow- 
run  method  is  not  as  rich  as  the  blue  gas  produced  without  the  blow 
run;  therefore,  more  oil  is  required  for  enrichment  in  making  1,000 
cubic  feet  of  finished  gas  in  the  former  case.  In  general,  it  may  be 
said  that  the  oil  required  per  1,000  cubic  feet  of  finished  gas  increases 
as  the  percentage  of  blow-run  gas  in  the  mixtiu*e  increases.  The 
increased  amoimt  of  oil  required,  however,  is  not  directly  propor- 
tional to  the  percentage  of  blow-run  gas,  since,  as  has  already  been 
shown,  the  quality  of  blue  gas  produced  is  richer  with  the  blow-run 
method. 

The  quality  of  the  coal  used  also  affects  oil  economy.  The  volatile 
matter  of  some  coals  has  a  higher  heating  value  than  that  of  others, 
and  this  affects  the  quaUty  of  both  the  blue  gas  and  the  blow-run  gas. 
Under  the  conditions  existing  at  Streator,  a  heating-value  standard 
of  565  B.  t.  u.  was  maintained  a  mile  from  the  plant  with  3  to  3.05 
gallons  of  Texas  oil  per  1,000  cubic  feet  of  gas,  using  the  blow  run, 
agaiast  about  2.85  gallons  per  1,000  feet,  without  the  blow  run. 
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The  length  of  blow  run  used  dtiring  the  experiments  varied  from  15 
to  45  seconds  and  the  oil  varied  accordingly.  It  is  noticeable  that 
while  the  oil  per  1,000  cubic  feet  using  coal  is  greater  with  the  blow- 
run  method  than  without  it,  the  amount  of  oil  used  per  1,000  cubic 
feet  with  coke  fuel  and  without  the  blow  run  is  still  greater. 

The  oil  economies  obtainable  show  considerable  seasonal  variation. 
More  of  the  condensable  heat-producing  constituents  of  the  gas  are 
chilled  out  in  cold  weather  than  in  the  summer  months.  This 
requires  that  a  greater  quantity  of  oil  per  1,000  cubic  feet  of  finished 
gas  be  used  in  winter.  The  figures  given  above  were  obtained  in  the 
late  autumn. 

CX)MPAAATIVE   EPFIOIBNCY   OF   OIL   CRACKING   WITH   COKE   AND   WITH 

COAL  FUEL. 

The  figures  presented  for  oil  consumption  per  1,000  feet,  operating 
with  and  without  a  blow  run,  are  the  results  of  more  than  one  day's 
run  and  are  not  a  selection  of  the  best  figures  obtained  in  any  series 
of  tests.  They  have,  in  the  main,  been  duplicated  in  other  plants 
and  are  probably  accurate  enough  for  aU  practical  purposes. 

The  cracking  efficiency  of  the  oil  used,  however,  can  not  be  stated 
with  such  acciu'acy.  In  attempting  to  derive  a  figure  that  will 
express  oil-cracking  efficiency,  it  is  necessary  to  know  the  exact 
amount  of  oil  gas  present  in  1,000  cubic  feet  of  finished  gas  and  to 
ascertain  its  heating  value.  In  the  Streator  experiments,  no  attempt 
was  made  to  determine  this.  However,  the  blue  gas  and  the  blow- 
run  gas  were  analyzed  and  the  volumes  estimated  from  the  available 
figures.  The  volume  and  heating  value  of  the  oil  gas  (gas  from  oil 
cracking)  can  be  approximated  by  difference.  Typical  data  are 
given  in  Table  14.  The  cracking  efficiencies  presented  in  this  table 
are  so  nearly  alike  that  without  additional  information  it  is  impossible 
to  say  definitely  that  the  oil  cracks  more  completely  into  gas  with 
coke  fuel  than  with  coal.  However,  at  the  present  time  it  is  the 
author's  belief  that  these  efficiency  figures  are  representative  of  the 
results  obtained.  It  is  not  improbable  that  the  great  excess  of  steam 
used  when  operating  with  coal  and  without  the  blow  run  had  a  bene- 
ficial effect  on  the  oil  cracking,  resulting  in  the  increased  oil-cracking 
efficiency  shown.  Although  in  some  instances  a  greater  amount  of 
carbon  is  deposited  in  the  carburetor  when  coal  fuel  is  used,  there  is 
little  question  that  some  of  this  results  from  the  carbonization  of  the 
tarry  matter  distilled  from  the  coal  in  the  generator;  therefore,  this 
deposit  can  not  be  taken  as  evidence  of  a  decreased  efficiency  of  oil 
crac] 
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Table  14. — Oil  tfJ^enciM  toitA  oool  cim2  toi^ /xiie  ^2. 


Test  A. 


TestB. 


Teste. 


Fuel  used 

Blow-run  cycle 

Cycle 

OU: 

Amount    used    per    1,000 

cubic  feet  of  flmshed  gas, 

gallons. 
Oia^ity,  pounds  per  gallon 
Weight  per  1,000  cubic  feet, 

pounds. 
Total  beating  value,  B.t.u 
Gas: 

Blue  gas  made  per  1,000 

cubic  feet,  euUc  feet. 
Blow-run  gas   made   per 

l,000cublc  feet,  cubic  feet. 
Oil  gas  made  per  1 ,000  cubic 

feet,  cubic  leet. 
Total  gas  made,  cubic  tBet. . 
B.  t.  u.  per  foot  of  flnisbed 

gas. 
Total  heat  of  combustian, 

per  1,000  cubic  feet  of  fln- 

bhed  gas,  B.  t.  u. 
B.  t.  u.: 

Furnished  by  the  Uoe  gas. 
Furnished  by  the  biow-run 

gas. 

Total  in  the  oil  used 

To  be  supplied  by  the  oil 

per  1,000  cubic  feet. 
Ou  in  carbon,  tar,  con- 
densable products. 
Efficiency  of  oil  cracking,  per 
cent. 


Bituminous  coal 

None 

3-minute  blast,  4-min- 
nterun. 


Bituminous  coal ...,. . 
Yes 

3-minute  blast,  ^min- 
ute blow  run,  8^ 
minute  steam  run. 


2.85. 


3.05. 


20.8 22.265. 


416,000 445,300 

815  (314  B.t.u.  per  ft.). I  625  (337  B.t.u.  per  ft.). 

180  (153  B.t.u,  per  ft.). 

196(1,656  B.  t.  u.  per 
ft.). 

L«^ 

000.......... 


185  (1,670  B.  t.  u.  per 
ft.). 

hs^ 

000............ 


565,000. 


265,600. 


416,000. 
300,400. 

106,600. 

74.4.... 


665,000. 


210,686. 
27,^.. 


445,300. 
326.835. 

118,465. 

73.4.... 


Coke. 
None. 

3-minute  blast,  4-min- 
nte  steam  run. 


3.15. 

7.3. 
22.995. 

450,  goa 

790  (292  B.t.u.  per  ft.). 
210(l^B.t.u.perft.) 

i.ooa 

666w 

565,  ooa 

230,6001 

4S9,900. 
334,320. 

125,580. 

72.7. 


In  the  change  from  coke  to  coal  fuel,  the  following  variables, 
which  affect  oil  cracking,  are  altered:  Atmosphere  in  which  the  oil 
is  cracked,  time  and  intimacy  of  contact  of  the  oil  vapor  with 
the  hot  checker  bricks,  volmne  of  oil  used  per  1,000  feet  of  finished 
gas,  volume  of  oil  used  per  1,000  feet  of  blue  gas,  make  per  unit  of 
time,  and  heat  absorbed  from  checker  chambers  during  the  run. 

It  is  evident  that  the  problem  of  checking  cracking  efficiency  by 
theoretical  considerations  is  therefore  very  complex. 

EFFECT  ON   OAPAOTTY. 

The  blow-nm  method  was  first  worked  out  with  the  hope  of 
increasing  the  capacity  with  coal  as  fuel  approximately  to  tiiat 
attained  with  coke.  The  blow  run  is  recognized  to  have  practical 
limitations  and  should  only  be  employed  to  ^i  extent  consistent 
with  reasonable  economy  of  fuel  and  oil.  As  stated,  it  was  found 
that  with  a  blow  run  of  reasonable  length  the  oil  per  1,000  cubic  feet 
of  finished  gas  was  less  than  that  required  when  coke  fuel  was  used. 
The  amoxmt  of  coal  fuel  per  1,000  cubic  feet  was  less  with  the  blow 
run  than  without  it.  At  the  same  time,  the  capacity  was  increased 
imtil  it  approached  that  attained  with  coke  fuel.  Assuming  that 
the  blast  and  steam  conditions  are  adequate  and  that  pressure  con- 
ditions are  suitable,  the  blow  run  coidd  be  carried  still  further  in  an 
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emfirgeney,  but  of  course  the  use  of  it  to  an  excessive  degree  would 
necessitate  the  use  of  more,  oil  per  1,000  cubic  feet  to  enrich  the 
increased  volume  of  lean  gas.  The  heat  required  to  crack  the  oil 
properly  when  such  an  excess  is  used  might  exceed  the  heat-storage 
capacity  of  thecbeckerwork.  Under  such  conditions^  part  of  the  oil 
would  inevitably  pass  through  the  set  undecomposed.  An  excessive 
employment  of  the  blow  run,  necessitating  the  use  of  a  greatly 
increased  amount  of  oil  per  run,  might  be  very  disadvantageous 
under  some  conditions,  on  account  of  an  increased  formation  of 
carbon  in  the  checken|9^ork,^.a  f  a^t^more  noticeable  with  some  gas  oils 
than  with  others.  The  standard  of  gas  quality  to  be  maintained 
might  be  another  limiting  condition,  at  times.  It  would  prob- 
ably be  impracticable  to  meet  a  high  candlepower  standard 
witii  this  method.  With  the  increasing  tendency  toward  lower 
heating-value  standards  and  the  abolition  of  candlepower  atandards, 
the  field  for  the  application  of  this  method  is  greatly  widened. 

The  back-pressure  conditions  in  the  Streator  plant  did.  not  make 
practicable  the  introduction  of  a  portion  of  the  oil  during  the  blow 
run,  since  the  blast  pressure  was  not  sufficient  to  produce  as  much 
blow-run  gas  when  the  pressure  in  the  set  was  increased  by  the 
addition  of  oil.  Had  it  beea  practicable  to  do  so,  it  seems  likely 
that  an  advantage  would  have  been  realized.  The  oil  could  have 
been  admitted  more  slowly,  the  concentration  of  oil  gas  in  the  checker 
chambers  would  not  have  been  so  great,  and  the  oil  cracking  effi- 
ciency might  have  been  greater.  Whether  the  advantages  from 
decreased  concentration  would  be  offset  by  a  change  in  the  efficiency 
of  oil  cracking  in  an  atmosphere  of  blow-run  gas,  can  not  be  stated. 
The  rate  of  make  dming  the  run,  including  the  blow  run,  is  shown 
in  Figure  10.  Relief-holder  readings  were  taken  every  15  seconds 
and  the  readings  plotted.  The  first  drop  in  the  curve,  at  the  end 
of  30  seconds,  indicates  the  change  from  blow  run  to  steam  run. 

USB  OF  GOAL  ANB   COKE   MIXTURES   WITH  THE   BLOW   BUN. 

If  a  sufficiently  large  make  of  gas  per  hour  can  not  be  obtained 
with  100  per  cent  coal  and  a  blow  run  of  reasonable  length,  it  may 
be  increased  by  using  a  fuel  mixture  (coal  and  coke)  containing  up  to 
25  per  cent  coke  with  a  blow  run  of  suitable  length,  depending  upon 
the  air  blast  available,  the  quality  of  gas  to  be  maintained,  and  the 
hourly  make  desi^d.  During  a  pxn  of  a  few  days  at  the  Streator 
plant,  with  25  per  cent  coke  and  a  30-second  blow  run,  the  hoiu'ly 
capacity  ^as  increased  about  6  per  ceht  over  that  attained  during 
the  days  immediately  preceding,  when  100  per  cent  coal  was  used. 
The  blast  pressure  was  practically  the  same  in  both  cases,  but  the 
air  passing  through  the  fire  per  minute  during  the  blast  was  some- 
what greater  when  the  mixed  fuel  was  used,  probably  the  chief  fac- 
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tor  in  causing  the  increased  make.    During  the  flew  days  when 
this  combination  of  conditions  was  tried,  there  was  no  peieepti- 
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ble  increase  m  the  amount  of  oil  used  per  1,000  cubic  feet  of  gas 
to  maintain  practically  the  same  heating  value. 

Table  15. — Conditions  and  operating  remits  with  various  coaU  in  the  Streator  piant.^ 


Coal  used. 


Daily     make     (corrected) 

cu.ft.. 

Hake  per    hr.   (oorraoted) 

cu.ft.., 

ICake  per  hour  per  square 

foot  grate , 

Make  per  run  (oomcted) 

ca  ft.. 

Cycle: 

Blow minutes. 

Blow  run seooods. 

Steam  run. minutes.. 

Air  purge seoonds. 

TTp  and  down  runs 

Bust  pressure  during  blow 

inches.. 

Air    per    minute    during 

blow cu.  ft. . 

Air  per  minute  during  blow 

Air  per  1,000  cubic  feet  fin- 
isnedgas cu.ft.. 


Perry 
County,  lU. 


With 
blow 
run. 


With- 
out 
blow 
run. 


106 

20 

2,000 

3,374 

3 

30 
8.4 

e 

Itol 
17.6 

1,268 

1,010 

1,206 


156 

21.7 

1,735 

2,660 

3 
0 

3.9 
0 
2eol 

18 

1,240 

0 

1,401 


FtmnkUn 
County,  111. 


With 
blow 
run. 


180 
28 
2,260 
3,000 


8 
30 

3.4 

6 
Itol 


18 

1,000 

075 

1,060 


With- 
out 
blow 
run. 


162 

23.2 

1,860 

2,045 

8 
0 

3.0 
0 
Itol 

18 

1,060 

0 

1,070 


WUUamson 
County,  HL,  A. 


Wll- 
Uameon 


County, 
m.,B. 


With 
blow 
ran. 


168 
26.0 
2,048 
3,281 
3 

1 


e 

Itol 


18 
1,180 
080 
1,184      11,180 


With- 
out 
blow 
run. 


172 
23.4 

1,875 

2,831 

3 
0 

10 
6 
Itol 


18 
1,100 
0 


With 

blow 

run. 


177 
24.8 
1,080 
3,100 

3 
30 

8.0 

6 
ItOll 

18 

1,210 

80O 

Il,275 


Retort 
o6ke.* 


184 
23 
1,840 
2,700 


Indian- 
apolis 
oven 
ooke.* 


3 
0 
4 

0 
2tOl 


270 
S5w4 

2,016 

8,030 

8 
0 
5 
0 


16 

1,750 

0 

1,940 


10 

11,800 

0 

1,400 


>  These  results  were  Obtained  with  a  set  having  a  generator  of  4  feet  intarmd  diameter. 

*  This  was  the  coke  formerly  used  at  the  Streator  plant.   «0<n  account  of  the  obstinate  clinker,  excess 
steam  had  to  be  used .   It  nve  inferior  results. 

•  These  results  were  obtuned  in  another  plant  with  a  good  grade  of  oven  coke.    They  are  given  for  oom- 
pariaoD. 
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Tablb    15. — Condkiom  and   operating  retiUU   with  varunu  eoaU  in  the  Strtator 

p2aru-~0ontiiiued . 


Perry 
County,  HI. 

Franklin 
County,  111. 

Williamscn 
County,  HI.,  A. 

Wll- 
liamson 
County, 

m.,  B. 

Retort 
coke. 

TiulfAn- 

Coal  used. 

apolis 

With 
blow 
run. 

With- 
out 
blow 
run. 

Hl^th 
blow 

With- 

out 

blow 

run. 

With 
blow 
run. 

With- 
out 
blow 
run. 

With 
blow 
run. 

oven 
coke. 

Steam  per  minute: 

Up  run Ibfl.. 

Down  run do.. 

Steam  per  1,000  cubic  feet  fln- 

Isbedgas lbs.. 

Generator  fuel  per  1,000  cubic 

feet lbs.. 

Average  weight  of  charge 
,, ,. lbs.. 

36 
33 

34.2 

47.3 

644 
5 

3.04 
10-11 
6.36 

562 

150 
(*) 

31 
83 

47 

62 

600 
5 

2.84 
7.6 

6.0 

566 

150 
(•) 

36 
37 

83.7 

42.8 

600 
6 

3.02 
10-12 
6.46 

566 

160 
(•) 

32 
34 

45 

46.8 

TOO 
5 

2.78 
8^ 
7 

566 

160 

36 
34 

37.2 

43 

700 
6 

3.94 
10-12 
6.86 

670 
200 

84 
82 

46.6 

40 

660 
6 

2.07 

&6 

7.86 

678 

200 
(•) 

34 
32 

4a7 

44.6 

606 
6 

3.06 
10-11 
7.16 

567 
420 

40 
36 

42 

44.6 

800 
6 

2.94 

8 
8 

560 

100 
C) 

22 
27 

38 

a6w7 

Charging  intervals twm.  . 

Oil  per    1,000    cubic    feet 

gallons.. 

Oil  per  run do.. 

Daily  operating  tlmchonrs. . 
B.  t.  u.  of  dty  gas,  1  mile 

trmn  plant ..... 

3.58 
13 
11 

600 

HydrqgBU  sulphide  in  unpu- 
nflea   gas 

>  / 

*  Hard,  some  edgings,  brittle. 
•Bather  soft. 

*  Hard  on  grate,  easily  removed. 


T  Hard,  brittle,  easily  bandied. 

I  Hard,  excess  steam  necessary  to  make  workable. 


OPEBATINa  BESX7LTS  AT  STBEATOB. 

Table  15  includes  typical  operating  results  obtained  with  various 
coals  during  the  Streator  experiments.  These  results  are  not  aver- 
ages, since  the  conditions  were  frequently  changed  during  the  course 
of  the  experiments  to  get  what  seemed  to  be  the  best  combination, 
and  in  the  course  of  such  experimenting  there  were  tried  some  oper- 
ating methods  that  were  obviously  unsuitable,  since  they  gave  very 
poor  results.  Moreover,  such  unforeseen  factors  as  low  blast  pressure 
and  low  steam  pressure  occasionally  caused  a  poor  record  for  a  day, 
yet  could  in  no  way  be  attributed  to  the  nature  of  the  coal  under  test. 
Therefore,  while  neither  the  best  nor  the  poorest  results  are  given, 
and  the  results  tabulated  are  not  strictly  averages,  in  the  judgment 
of  the  authors  they  represent  typical  performances  possible  of  dupli- 
cation under  plant  conditions  similar  to  those  at  Streator. 

COALS  USED  IN  TESTS. 

Ail  the  coals  used  in  obtaining  these  results  were  from  the  southern 
Illinois  field.  With  the  exception  of  the  Perry  County  coal,  which 
had  been  used  in  the  Streator  plant  for  some  time  prior  to  the  experi- 
ments, one  carload  only  of  each  coal  was  tested.  The  fuel  consumption 
of  the  plant  was  only  about  4  tons  per  day,  therefore  each  carload 
of  coal  was  sufficient  for  a  run  of  about  10  days,  varying  according 
to  the  percentage  of  the  coal  that  was  too  fine  for  the  generator. 
This  latter  was,  however,  used  as  boiler  fuel. 

30148''-'24 6 
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The  coal  forked  from  each  carload  was  sampled  and  the  samples 
subsequently  analyzed  in  the  laboratories  of  the  Uniyersity  of  Il- 
linois at  Urbana.  The  results  of  the  analyses  are  given  in  Table  16 
following: 

Table  16. — Analyses  of  coals  tued  in  Streator  tests. 


SooroeofooaL 


Fenr  Comty,  HI.. 

AsnoslvwL.. 

Air  dry 

KoistarefreB 

FnmkUn  Coonty,  BL: 

As  received 

Air  dry 

Moisture  free 

WHUamsoD  County,  BL,  A: 

Asreoetved. 

Air  dry 

Mfltotureftee 

WnBamson  County,  Bl.,  B: 

As  reoeived. 

Air  dry 

ICcistdiBfree 


Moisture. 


Peremt. 

l.Tl 

xa6 


9.98 


7.32 
2.94 


6.40 
2.84 


VolfttOe 
matter. 


Per  cent, 
83w86 
85.86 
38.72 

32.64 
85.32 
38.15 

31.82 
33.33 
84. 94 

33.26 
34.62 
35.63 


Fixed 
carbon. 


Pereeni. 
4QL30 
82L19 
5X45 

47.49 
51.54 
52.75 

5a  42 
52.80 
54.40 

5a  68 
52.61 
54.15 


Ash. 


Per  cent. 
9.07 
9.60 
9.83 

9.99 
10.84 
11.10 

ia44 
10.03 
11.26 

9.66 
10.03 
10.32 


Total. 


Percent. 
IOOlO 
IOOlO 

loao 
loao 

100.0 
100.0 

100.0 
100.0 
100.0 

100.0 
100.0 

loao 


B.  t.  u. 


11,827 
12,514 
12,816 

11,410 
12,893 
12,684 


11, 

12,864 

12,738 

12,109 
12,500 
12,036 


Total 
sulphur. 


Pffcemt. 
1.29 
1.37 
1.40 

1.25 
1.30 
1.39 

1.57 
1.64 
1.60 

X29 
X38 
X45 


In  addition  to  the  tests  of  the  coals  named  in  the  above  table,  short 
tests  were  made  with  two  other  coals,  one  from  La  Salle  County, 
111.,  the  oth^  from  Sullivan  County,  Ind.  Of  these,  the  La  Salle 
County  coal  was  found  to  be  so  high  in  sulphur  that  operation  with  it 
was  discontinued  after  about  three  hours.  During  this  short  run,  the 
indications  were  that  the  coal  was  inferior  in  its  gas-making  qualities, 
since  the  fire  burned  down  more  rapidly  than  with  the  other  coals, 
yet  less  gas  seemed  to  be  produced. 

The  Sullivan  County,  Ind.,  coal  also  was  tried  for  but  a  short  nm. 
It  gave  a  higher  sulphur  content  to  the  gas  than  most  of  the  Illinois 
coaJs  although  not  so  much  as  could  not  have  been  removed  by  the 
purifiers,  had  not  the  purifying  capacity  of  the  plant  been  already 
overworked  by  the  use  of  some  of  the  higher  sulphur  coals  that  were 
tried  previous  to  this.  Indiana  coals  from  the  same  field  have  been 
successfully  used  for  water-gas  making,  as  will  be  shown  a  little  later. 

Of  all  the  coals  tested,  that  from  Franklin  County  showed  slightly 
the  best  general  results,  although  it  gave  slightly  more  sulphur  to 
the  gas  than  did  the  Perry  County  coal.  Its  clinker  was  somewhat 
harder  than  that  formed  by  other  coals  tested,  and  apparently  fused 
at  a  lower  temperature.  The  clinker  from  the  Franklin  County 
coal  tended  to  form  on  the  grate  and  to  adhere  less  to  the  generator 
wall  than  that  from  the  Perry  County  coal.  Under  the  prevailing 
conditions,  the  harder  clinker  formed  by  this  coal  made  the  cleaning 
of  the  generator  fire  easier  than  with  the  other  coals,  since  it  held 
up  the  fire  better.  The  resistence  which  this  coal  presented  to  the 
passage  of  air  through  the  fire  was  distinctly  greater  than  that  of  the 
Perry  County  coal.    Nevertheless,  a  larger  hourly  make  and  better 
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fuel  economy  were  obtained  with  it.  Its  effect  on>  the  oil  consump- 
tion was  about  the  same  as  that  of  the  Perry  County  coal. 

The  Perry  County  coal  showed  slightly  less  sulphur  in  the  gas  than 
any  of  the  other  coals  tried.  A  much  longer  run  was  made  with  this 
coal  than  with  the  others,  and  it  was  used  in  obtaining  the  results 
already  given  with  fuel  mixtinres.  Owing  to  the  extensive  experi- 
menting with  this  coal,  its  peculiarities  were  better  known  than  those 
of  the  other  coals,  and  the  data  collected  concerning  it  therefore 
made  a  good  standard  with  which  to  compare  them.  The  Perry 
County  coal  was  considered  very  satisfactory  for  water-gas  manu- 
facture. 

The  Williamson  County  coal,  A,  did  not  give  as  good  results  with 
the  blow-run  method  of  operations  as  did  the  coals  already  discussed. 
Its  slightly  lower  percentage  of  volatile  matter  and  its  higher  ash 
content  seem  to  be  responsible  for  this.  On  the  other  hand,  its  higher 
fixed  carbon  content  seemed  to  make  it  more  adaptable  to  the  usual 
method  of  operating — ^without  the  blow  run — than  the  other  coals, 
and  with  that  method  it  gave  a  slightly  greater  hourly  output. 

The  clinker  formed  from  its  ash  resembled  that  of  the  Franklin 
County  coal,  its  resistance  to  the  passage  of  air  blast  was  between 
that  of  the  Franklin  County  and  Perry  Coimty  coals,  and  its  sul- 
phur content  was  somewhat  higher  than  either. 

The  Williamson  County  coal,  B,  contained  so  much  sulphur  that  it 
would  not  generally  be  considered  available  for  gas  making  imder 
present  conditions,  therefore  only  a  short  run  was  made  with  it  and 
no  very  definite  idea  of  its  gas-producing  qualities  can  be  formed. 
The  indications  are  that  generally  it  would  be  a  little  inferior  to  the 
other  coals  tried.  ... 

SULPHUR  IN   GA8. 

The  tests  at  Streator  indicate  that,  other  conditions  remaining  the 
same,  the  hydrogen  sulphide  in  the  impurified  carbureted  gas  h 
roughly  proportional  to  the  per  cent  of  total  sulphur  in  the  coal.  In 
Figure  11  this  relation  is  illustrated.  There  was,  however,  one 
marked  exception  among  the  seven  coals  tested,  although  this  might 
have  been  due  to  the  fact  that  the  test  with  this  coal  was  too  short  to 
permit  many  hydrogen  sulphide  tests  to  be  made  on  the  gas.  Whether 
a  similar  relation  would  hold  with  other  coals  can  not  be  stated.  In 
all  the  tests,  the  same  kind  of  oil  was  used  and  operating  conditions 
were  fairly  similar,  so  that  the  percentage  of  sulphur  in  the  coal 
might  reasonably  be  expected  to  be  the  prime  factor  affecting  changes 
in  the  sulphur  content  of  the  gas.  However,  different  conditions  in 
washing  and  cooling  the  gas  alter  the  amount  of  H^S  in  the  unpimfied 
gas;  therefore  the  same  relation  between  sulphur  in  coal  and  sulphiu* 
in  gas  would  not  exist  if  these  conditions  were  changed. 
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UVB  OF  BinilCIN01T8aXHX&ATOKF1TKLnrPZ.A3ra8  OTHSETKAS 
BTBEATOB. 
The  work  done  at  Streator  has  led  to  the  use  of  bitominoos  coal 
fuel  in  water^as  manufacture  at  a  number  of  plants  in  various  parts 
of  the  country.  Moreover,  a  number  of  companies  who  used  bitumi- 
nous coal  in  their  plante  prior  to  the  Streator  tests  have  been  inter- 
ested in  comparing  their  own  operating  resulta  with  those  obtained  at 
Streator.  Some  of  the  results  obtained  by  such  plants  in  different 
parts  of  the  country  under  various  operating  conditions  with  different 
coals  are  presented  in  Table  17.  Some  of  these  data  show  results 
obtained  with  eastern  gas  coals,  although  a  majority  of  the  plants 
mentioned  used  Illinois  or  Indiana  coals. 
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Table  17, —Operating  condUwnt  arid  ruulU  with  bituminous  generator  fuel  in  planu 

other  than  Streator — Continued. 


Plant 

Intemal  diame- 
ter of  eme- 
rator .feet. . 

Kind  of  ftiel  used. 


6 

Clinton 

County, 

Ind., 

bituminous^ 


Blast      pressore 
daring     blow, 

inches 

Air: 

Per  minute 
during 
bloWfCu.  ft. 
Per  minute 
during 
blow    run, 

CO.  ft 

Per  1,000  cu. 

ft.  finished 

gas..ctt.  ft.. 

Percentage  of  up 

runs 


Per    minute 

up..... lbs.. 

Per    minute 

down.  .lbs. . 

Per  1(000  cu. 

ft.  finished 

gu lbs.. 

Make: 

Per  running 

hour.cu.  ft. 

Per  set  hour, 

including 

cleans,  cu. 

ft 

Per  run,  cu.  ft. 
Per  running 
hour  per  sq. 
ft.  grate.,  cu. 

ft 

Qenerator  ftiel  per 
1.000  cubic  feet, 

lbs 

Average    weLdit 

eharae lbs.. 

Chargmg  ^terval, 

runs 

Oil: 

Kind  used.... 

Introduced, 

minutes 

Perl.000eubic 

feet.gBlloDs. 
B.  t.  u.: 

Amount     in 

finished  gas. 
Where  record 

was  taken.. 

Cleaning  time  per 
day... minutes.. 
Nature  of  oUnker.. 


Carbon  in  ash  and 
clinker 


Hydrogen  sul- 
phide, raw  gas. 
grains  per  100 
en.  ft 


17-20 


2^800 


1,410 
33 

60 
60 

84.6 

46,250 


41,600 
5,206 


1,000 

43.4 

800-1,000 

4-5 

Texas  27* 

3 
3 

506 
Plant. 


69 

Hard,  but 

easily 

handled. 


Very  little. 


200 


4 
Franklin 
Comity, 

m., 


10-24 


1,250 


1,156 
66 

26u8 
2&8 

42.6 

21,700 


10,800 
8,110 


1,736 


43.4 


Okla.  80- 
36*. 

3.22 


600 

imileftom 
plant. 

120 
Easily  re- 
moved. 


Consider- 
able. 


Perry 
County, 

m., 

hitnminons 


56,700 


62,100 
^504 


1,688 


41.0 


T«za8  28*« 

8.6 
8.10 

668 

Plant. 


94 
Hard,  con- 
sidera- 
ble edg- 
ings. 


160 


5 

Vhiginia 

bituminous. 


40r 
40? 

48.47 

28,460 


27,130 
81811 


1,446 

42.29 
800 

3 

Okla.  82- 

84*. 

3 
2.90 

600 
Plant. 


40 
brittle, 
dose  to 
grates. 


Practically 


70 


E 


50jMrcent 
thracite; 


50  per  cent 
eastern 


coal 


gas 


Huian 
County, 


io,ooor 


2,140 


128 
123 

86.8 

U0,500 


96,000 
14,000 


1,960 


33.57 


Hex.  34*. 

3 
2.94 

6QS 
Plant. 


160 
Soft. 


Consider- 
able. 


F 


14 
1,400 

1,200 

2,010 
66 

84 
81 

4ai 

20,245 


19,200 
8,062 


1,190 

46 

1,176 

8-10 

Texas  30*. 

4 

X90 

0.  p.  18 


60 
Mostly 
ash    on 
grate. 


None. 


Franklin 

County, 

HI., 

bituminous. 


17-20 


2,800 


33 

60 
60 

86.4 

60,600 


45,840 
6,176 


1,786 
39.14 

aoa-1,000 

4-5 
Texas  27*. 

3 
8.07 

565 

Plant. 

69 
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An  inspection  of  the  table  shows  a  considerable  diversity  in  results 
that  can  not  be  attributed  alone  to  the  difficulties  encountered  in 
using  bituminous  coal.  It  is  probable  that  with  coke  or  anthracite 
fuel  quite  as  great  a  variation  would  be  experienced  in  plants  of 
diverse  sizes  and  operating  conditions.  The  data  in  Table  17  show 
that  in  plants  using  100  per  cent  coal  no  better  results  were  obtained 
with  good  eastern  gas  coal  than  with  Central  District  coals.  In 
only  one  plant  under  the  observation  of  the  authors  have  both  classes 
of  coal  been  used,  and  here  there  was  little  apparent  difference  in 
the  results  with  fuels  from  different  fields,  altiiough  the  Central 
District  coals  operated  somewhat  more  satisfactorily.  The  eastern 
gas  coal  use4  by  this  plant,  while  of  very  good  grade,  was  of  smaUer 
size  than  would  have  been  desirable,  and  this  condition  perhaps 
affected  the  results  adversely.  It  is  also  quite  possible  that  the 
weaker  coking  properties  of  Central  District  coals  as  compared  with 
eastern  gas  coals  is  a  consideration  in  favor  of  the  former  coals  for 
this  purpose.  No  extensive  studies  of  the  coking  property  of  coals 
in  relation  to  their  values  in  water-gas  manufacture  have  been  made, 
although  the  indications  are  that  such  studies  would  give  much 
interesting  information.  Statistics  on  plant  F  of  Table  17  indicate 
that  mixtures  of  anthracite  and  bituminous  coals  have  been  used 
with  considerable  success.  The  action  of  the  anthracite  in  such 
mixtures  is  similar  to  that  of  coke;  it  makes  the  fire  more  penetrable 
to  the  blast,  and  by  the  interposition  of  lumps  of  noncoking  fuel 
between  the  lumps  of  coking  coal  breaks  up  the  continuity  of  the 
caking  mass. 

StrOGESTIONS  FOB  OPEBATZNO  WITH  COAL  FUBIi. 

It  is  impossible  to  formulate  fixed  rules  for  operation  that  will 
apply  equaUy  well  to  all  conditions.  The  operator  using  coal  as 
generator  fuel  for  the  first  time  will  probably  need  to  experiment  a 
little  to  find  the  conditions  that  best  apply  to  his  plant.  The  follow- 
ing suggestions  are  presented  merely  as  a  guide  to  those  undertaking 
the  use  of  coal  as  generator  fuel  for  the  first  time: 

1.  The  experiments  may  well  be  begun  with  only  50  per  cent  of 
coal  and  the  per  cent  of  coal  in  the  mixtures  increased  gradually 
from  day  to  day  a^s  the  experiments  progress. 

2.  Select  a  coal  of  low  sulphur  content.  This  is  particularly 
necessary  when  the  piuifying  capacity  is  limited. 

3.  The  coal  should  not  be  too  fine,  but  preferably  in  4  to  6  inch 
lumps.  Very  fine  material  should  be  excluded  by  forking  the  coal 
with  the  usual  coke  fork. 

4.  When  operation  is  begun,  do  not  make  double  charges  of  coal, 
for  heavy  charges  at  the  start  usually  result  in  a  cold  generator, 
difficulty  in  bringing  up  the  heat,  and  excessive  smoke  production. 
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It  is  better  to  have  a  deep  fuel  bed  by  making  a  lai^e  charge  shortly 
before  shutting  down  the  night  before;  then  the  carburetor  can  be 
lighted  and  a  run  made  before  any  coal  is  charged.  This  will  give 
a  quicker  start,  diminish  the  smoke,  and  result  in  a  lai^e  make 
from  the  first. 

5.  Build  up  the  generator  fire  by  coal  charges  of  normal  size  (the 
same  weight  as  when  coke  is  used).  Make  the  charges  at  intervals  of 
two  runs  until  the  fire  is  up  to  the  normal  working  height — ^that  is, 
just  below  the  take-off  connection;  then  charge  at  intervals  of  about 
five  or  six  runs.  Make  the  charges  as  rapidly  as  possible,  to  avoid 
loss  of  time.  Heavier  chaises  may  be  made  with  coals  that  do  not 
cause  serious  arching  and  caking  difficulties. 

6.  Proportion  the  up  and  down  runs  and  the  steam  used  so  that 
the  clinker  will  come  down  to  the  grate  where  it  can  be  readily 
removed.  The  proportion  can  best  be  determined  by  trial.  At 
Streator,  most  of  the  coals  did  best  with  three  up  runs  to  two  down 
runs.  Usually  two  successive  up  runs  were  made  after  charging, 
though  occasionally  alternate  up  and  down  nms  seemed  more  satis- 
factory. 

7.  The  length  of  the  blow  and  of  the  steam  run  will  depend  upon 
the  blast  and  steam  available.  In  general,  try  so  to  proportion  the 
blow  and  the  run  that  the  generator,  carburetor,  and  superheater 
will  attain  normal  working  temperatures  at  the  same  time.  There 
is  frequently  a  tendency  for  the  carburetor  and  superheater  to  become 
too  hot  before  the  generator  is  hot  enough.  This  overheating  of  the 
checker  chambers  has  been  partly  overcome  by  one  or  more  of  the 
following  methods: 

a.  By  allowing  some  gas  to  bum  at  the  stack. 

b.  By  oversteaming  the  generator  and  thereby  diminishing  the 
amount  of  combustible  gas  formed,  although  this  cools  the  generator 
still  more. 

c.  By  overblowing  the  carburetor  and  superheater. 

d.  By  using  the  blow-run  cycle. 

Of  these,  the  writers  believe  that  method  d  is  the  most  economical 
and  results  in  the  largest  capacity  per  set.  If  this  cycle  is  not  de- 
sired, then  method  e  or  method  a  seems  generally  the  least  objection- 
able, when  conditions  permit. 

8.  Use  reduced  steam  and  oil  during  the  first  four  or  five  runs, 
while  the  set  is  being  brought  up  to  a  working  temperature. 

9.  Make  the  blow  run,  if  adopted,  of  only  sufficient  length  to  main- 
tain the  normal  heat  balance  in  the  set  and  to  obtain  the  desired 
make  of  gas  without  an  excessive  oil  consumption  per  1,000  cubic 
feet. 

10.  Cloee  the  carburetor  and  superJieater  blast  valves  before  (he  stack 
cap  is  shut  to  make  the  Uow  run.    Do  not  reverse  the  hot  valves  whnle 
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making  the  blow  run.     Chsethe  generator  blast  valve  before  turning  on 
the  steam  to  make  the  regular  steam  run. 

11.  Be  sure  that  after  the  carburetor  and  superheater  blast  valves 
have  been  closed  preparatory  to  making  a  blow  run,  the  burned  gases 
in  the  set  are  purged  out  before  the  stack  lid  is  closed.  The  time 
consumed  in  operating  the  valves  and  closing  the  lid  is  usually 
sufficient  for  this  purpose,  but  mechanically  operated  valves  sometimes 
have  closed  so  quickly  that  much  burned  gas  was  blown  into  the  holder. 

12.  Make  sure  that  the  carburetor  and  superheater  chambers  are 
not  being  overblown  or  underblown  by  the  secondary  air  blast  if  they 
remain  cold  when  the  blow-run  cycle  is  used.  If  the  checker  cham- 
bers do  not  now  heat  properly,  it  will  probably  be  necessary  to  increase 
the  length  of  the  blast  period,  decreasing  the  steaming  period  cor- 
respondingly. This  will  accomplish  the  desired  results.  Failure  of 
the  checker  chambers  to  heat  properly  has  been  incorrectly  attributed 
to  too  long  a  blow  run,  and  the  blow  run  was  accordingly  shortened. 
This,  of  course,  is  not  necessary. 

13.  Considerably  more  tar  is  produced  with  coal  than  with  coke 
fuel.  Care  should  be  taken  to  remove  the  tar  from  the  gas  before 
it  reaches  the  purifiers.  The  operation  of  the  tar  extractor  or  shav- 
ings scrubber  especially  should  be  watched. 

14.  Remove  the  flanges  on  the  bottom  of  the  hot  valves  occasionally 
to  clean  out  deposits  of  carbon  or  carbonized  tar.  The  presence  of 
such  deposits  is  indicated  by  the  failure  of  the  valves  to  dose  tightly. 

15.  Leave  the  generator  lid  slightly  open  or  ''cracked"  during  lay- 
over periods.  This  seems  to  assist  in  heating  the  generator  and  in 
burning  off  any  carbon  which  may  have  been  deposited  in  the 
checkerwork  of  the  carburetor  and  superheater.  When  the  stack 
draft  is  not  sufficient  to  draw  air  in  through  the  lid  opening,  it  is  not 
advisable  to  leave  this  lid  open  unless  artificial  means  of  inducing  a 
draft  are  employed,  such  as  a  steam  jet  in  the  stack. 

16.  Watch  for  sticking  of  the  hot  valves  and  oil-spray  stems  during 
lay-over  periods.  This  is  due  to  pitch  deposits,  and  may  be  alle- 
viated by  occasionally  smearing  the  stems  with  a  mixture  of  lubri- 
cating oil  and  graphite. 

17.  Use  a  fuel  spreader  whenever  conditions  permit. 

18.  Make  sure  that  green  fuel  does  not  pass  through  the  fire 
with  the  ashes.  When  the  up  and  down  runs  are  properly  propor- 
tioned as  suggested  in  6,  there  should  be  very  little  loss  on  this 
account. 

19.  Shut  down  for  a  few  minutes  after  about  30  runs  are  made,  or 
midway  between  deans,  and  break  up  the  clinker  with  bars.  If  no 
attempt  is  made  to  remove  the  clinker  very  little  time  will  be  oon- 
sumed  and  the  make  per  run  will  increase  nearly  to  normaL 
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20.  Test  the  oil  spray  occasionally  and  make  sure  it  is  atomizing^ 
the  oil  properly.  It  is  desirable  to  have  several  oil  sprays  on  hand 
so  that  they  can  be  changed  and  cleaned  frequently. 

21.  When  an  oil  is  used  that  causes  considerable  carbon  trouble, 
it  may  be  well  to  overblast  the  carburetor,  thus  burning  off  some  of 
the  deposited  carbon.  When  a  set  is  operated  with  a  long  lay-over 
period,  a  better  way  would  be  to  draw  air  through  the  checker  cham- 
bers by  means  of  the  stack  draft.  This  can  be  done  by  removing 
the  oil  spray. 

BY-FBODUCTS. 

TAB. 

Tar  is  a  by-product  of  nearly  all  water-gas  processes  now  in  common 
use.  The  quality  and  quantity  of  it  vary  in  different  plants  and  in 
any  given  plant  as  the  operating  conditions  are  changed.  Some  of 
the  factors  that  have  important  bearing  on  both  the  quaUty  and  the 
quantity  of  tar  produced  are  the  temperature  in  the  checker  chambers, 
the  quaJity  and  quantity  of  blue  gas  in  which  the  oil  is  cracked,  the 
intimacy  and  time  of  contact  of  oil  vapors  with  the  checkering,  the 
time  and  method  of  injecting  oil  in  the  carburetor,  the  kind  of  oil 
used,  and  the  kind  of  fuel  used. 

Since  gas  is  the  main  product  sought  and  the  formation  of  tar  is 
looked  upon  as  a  necessary  evil,  the  quantity  of  tar  produced  per  gal- 
lon of  oil  used  is  of  secondary  consideration.  The  quaUty  and 
quantity  produced,  when  operating  with  a  specified  fuel  and  oil, 
may  be  said  to  vary  as  the  temperature  in  the  oil-cracking  chambers 
varies.  Excessively  high  temperatures  in  these  chambers  are  favor- 
able to  the  production  of  lampblack  or  naphthalene  and  the  formation 
of  less  tar.  On  the  other  hand,  low  temperatures  favor  the  formation 
of  an  increased  amoimt  of  tar.  In  other  words,  the  oil  is  not  thor- 
oughly cracked  and  fixed  at  low  temperatures,  and  an  increased  per 
cent  of  it  is  converted  into  tar,  while  at  excessively  high  temperatures 
the  oil  is  said  to  be  overcracked,  more  gas  being  made  per  gaUon  of 
oil  used,  simultaneous  with  the  production  of  more  carbon  and 
less  tar. 

When  oil  is  cracked,  as  in  a  water-gas  set,  the  nature  and  amoimt 
of  the  different  products  formed  depend  to  a  considerable  extent  on 
the  atmospheres  in  which  the  oil  is  cracked.  In  some  atmospheres 
the  per  cent  of  tar  formed  is  increased  and  in  others  it  is  decreased. 
For  example,  when  oil  is  cracked  in  a  blue  gas  containing  excess 
steam,  the  production  of  tar  and  gas  is  increased,  while  the  amount 
of  carbon  formed  is  decreased. 

The  time  and  the  intimacy  of  contact  likewise  affect  the  quantity 
and  nature  of  the  products  resulting  from  oil  cracking.  An  increase 
in  the  total  time  that  the  oil  vapors  are  in  contact  with  the  hot 
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brick  tends  to  decrease  the  per  cent  of  tar  formed  and  to  inmi 
the  per  cent  of  carbon. 

The  method  and  tune  of  injecting  the  oil  into  the  carbom 
governs  the  concentration  of  the  oil  vapors  and  the  time  of  con*^ 
of  the  oil  vapors  with  the  bricks,  and  therefore  directly  affects  :l 
amomxt  of  tar  formed.  If  the  oil  is  injected  too  rapidly  to  be  !^i 
properly  an  excessive  formation  of  tar  results.  Even  thongli  I 
rate  of  oil  input  is  suitable,  an  ineflSucient  oil  spray  may  resolti 
so  poor  a  distribution  of  oil  in  the  carburetor  that  the  oil  is  i^ 
properly  cracked.  Under  such  circumstances  an  increased  am*  i 
of  tar  would  be  produced. 

Different  oils,  when  subjected  to  the  same  heat  temperature  i 
cracking  process,  produce  different  amounts  of  tar.  Q^e  oil  eJ\ 
produce  15  per  cent  of  tar  while  another  may  produce  25  per  (A 
under  the  same  conditions.  i 

The  fuel  used  also  regulates  to  some  extent  the  amount  of  i 
formed  imder  a  given  set  of  conditions.  This  is  true  even  if  I 
effect  on  oil  cracking  caused  by  a  difference  in  the  quality  of  :■ 
gas  produced  is  left  out  of  consideration. 

When  coke  is  used  as  generator  fuel,  no  appreciable  amous: 
tar  is  produced  during  the  steam  run,  but  when  a  hig^  voli^ 
bituminous  coal  is  used  in  place  of  coke,  tar  is  produced  in  the  c 
erator.  The  green  fuel  on  top  of  the  fuel  bed  is  being  disu 
during  the  run,  the  tarry  matter  passes  on  with  the  similar  prcxh 
from  the  oil  cracking,  and  the  result  is  an  increase  in  the  t 
amount  of  tar  produced. 

The  quality  of  the  tar  produced  is  frequently  of  more  importi:^ 
than  the  quantity.  This  is  apparent  when  consideration  is  gi> 
to  the  fact  that  sometimes  a  tar  is  produced  with  an  exceedit: 
high  free  carbon  and  water  content.  Such  a  tar  can  not  be  t^- 
separated  from  the  water  by  ordinary  settling  and  will  not  usua. 
produce  as  valuable  products  as  a  tar  with  a  low  free  carbon  cont<^ 

A  discussion  of  the  influence  of  each  of  the  variables  affecting  I 
quality  and  the  value  of  water-gas  tar  will  not  be  attempted  in  :l 
paper,  although  the  effect  of  a  change  from  coke  to  coal  fuel  sei:l 
to  be  worthy  of  special  mention. 

It  has  been  observed  that  the  yield  of  tar  figured  as  tar  per  g&- 1 
of  oil  used  is  considerably  increased  when  a  high-volatile  bitumLn  I 
coal  is  used  in  place  of  coke  as  generator  fuel  and  the  physical  ij 
chonical  nature  of  the  tar  is  materially  altered.  Enough  infi^mJ 
tion  has  not  been  obtained  to  say  definitely  how  much  tar  cad  I 
produced  when  a  particular  coal  is  used.  Obviously,  the  opent  i 
variables  as  well  as  the  daily  operating  time  influence  the  vohid 
and  properties  of  the  tar.  The  indications  are  that  the  volun** 
tar  may  be  increased  as  much  as  25  per  cent  when  a  change  to  r 
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fuel  is  made.  Tar  so  produced  is  heavy  and  viscous,  with  the  ap* 
pearance  of  coal  tar  rather  than  of  ordinary  water-gas  tar.  The 
properties  of  water-gas  tars  are  to  be  studied  by  one  of  the  authors 
of  this  bulletin.  A  few  analyses  are  given  in  Table  18,  which 
follows. 

Sample  1  was  obtained  when  coal  was  used  as  fuel  without  the 
blow  run.  The  temperatures  in  the  carburetor  and  liie  superheater 
were  excessive  and  it  is  likely  that  the  high  percentage  of  free  carbon 
in  the  tar  can  be  attributed  to  this  cause. 

Sample  2  was  obtained  with  the  blow  run,  the  carburetor  and 
superheater  temperatures  being  normal. 

Table  18. — Differences  in  the  compantion  of  water-gas  tars. 


Foeliued , 

^Mdfic0aTltyatl54"C 

me  carbon percent.. 

Moisture do.... 


Sample  1. 


Bitnmlnoiis  coal. 
L17 
0.14 
8.40 


Sample  2. 


Bituminous  coal. 

1.16 

4.85 

'    3.00 


Samples. 


Coke. 

1.065 

Trace. 


DiatiUtttloB  of  dry  tar. 

Up  to  110*  C 

....percent.. 

ao 

.8 

4.3 

0.8 

1&3 

(brittle)  OOL  4 
.4 

ao 

.0 

1.6 

7.2 

9.1 

82.0 

.1 

a2 

iia»toi7o»c 

170*  to  235°  C 

do.... 

do.... 

1.2 
1&7 

235to270»C 

270  to  300*  C 

Residue 

Undetennined 

do.... 

do.... 

do.... 

do.... 

do.... 

18.7 

2a6 

(brittle)  38. 8 
4.8 

Total 

Tar  Adds. 

loao 

Trace 

loao 
ao 

loav 

The  distillations  were  made  in  a  500-c.  c.  glass  distillation  flask, 
with  the  thermometer  bulb  at  the  offtake  arm. 


AMMONIA. 

Ammonia  is  a  by-product  in  coal-gas  manufacture,  but  is  not 
usually  present  to  any  extent  in  water  gas.  This  is  particularly  true 
of  water  gas  made  from  coke  fuel.  If  bituminous  coal  is  used  in  the 
generator,  it  may  be  anticipated  that  some  ammonia  would  be  formed 
during  the  run  by  the  distillation  of  the  green  coal.  Steam  distilla- 
tion under  the  prevailing  temperature  conditions  might  also  be  ex- 
pected to  augment  ammonia  production.  However,  consideration  of 
the  fact  that  only  a  small  amount  of  fuel  is  consumed  per  1,000  feet 
during  the  run  leads  to  the  conclusion  that  the  quantity  of  ammonia 
produced  would  not  be  very  great.  A  test  for  free  ammonia  (NH,) 
in  the  blue  gas  sampled  at  the  generator  lid  showed  45  grains  of  NH, 
per  100  cubic  feet  of  blue  gas  made,  an  amount  roughly  equivalent 
to  36  grains  of  NH,  per  100  cubic  feet  of  finished  gas.    A  calculation 
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cm  the  basis  of  NH,  per  ton  of  coal  used  in  the  generator  indicates 
that  2.6  pounds  of  NH,  are  obtained  per  ton  of  coal.  Part  of  this 
ammonia  is  decomposed  during  the  passage  of  the  gas  through  the 
ehecker  chambers.  The  gas  at  the  outlet  of  the  superheater,  before 
the  wash  box,  contained  only  25  grains  of  NH,  per  100  cubic  feet  of 
finished  gas,  the  equivalent  of  1.8  pounds  of  NH,  per  ton  of  coal  con- 
sumed. The  loss  in  passing  through  the  checker  chambers  was  30.8 
per  cent. 

The  amount  present  in  any  particular  plant  with  a  given  fuel  and 
specified  operating  conditions  can  best  be  determined  by  analyses  of 
each  individual  gas.  The  problem  of  recovery  is  an  eccmomic  as  well 
as  a  mechanical  and  chemical  one.  Fresh  water  was  used  in  all  the 
scrubbing  apparatus  and  in  the  wash  box  during  the  course  of  the 
Streator  experiments,  and  there  was  no  attemipt  made  to  recover  the 
ammonia  produced. 

DESIGN  OF  WATEB-GAB  APPABATUS. 

Present-day  water-gas  apparatus  has  been  designed  for  use  with 
fuel  that  contains  only  a  small  percentage  of  volatile  combustible 
and  a  high  proportion  of  fixed  carbon.  Hence  the  same  fuel  and  oil 
efficiencies  would  not  be  obtained  with  the  same  operating  methods 
when  high-volatile  bituminous  coals  are  substituted  for  high-carboUi 
low-volatile  fuels. 

Although  an  operating  method  has  been  workea  out,  as  discussed 
in  this  bulletin,  whereby  some  of  the  difficulties  encountered  when 
high-volatile  fuels  are  used  can  be  mitigated,  the  indications  are  that 
a  set  might  be  so  designed  that  a  greater  oil  and  fuel  economy  could 
be  obtained.  A  specially  designed  set  of  this  type  would  be  advan- 
tageous where  local  conditions  necessitate  the  use  of  coal  instead  of 
coke  as  generator  fuel.  However,  such  a  set  has  not  yet  been  de- 
signed and  its  development  and  perfection  are  still  problems  for 
additional  research. 

ECONOMIC  SIGNIFICANCE  OF  THE  USE  OF  BITUHINOUS  COAL  AS 

GENEBATOK  FUEL. 

Although  a  number  of  plants  are  now  operating  successfully  with 
bituminous  coal  as  generator  fuel,  some  of  tiiem  first  resorted  to  this 
practice  in  anticipation  of  a  war  measure  requiring  them  to  do  so. 
The  substantial  saving  made  with  this  fuel,  which  may  be  as  high  as 
8  cents  per  1,000  feet,  is  great  enough  to  warrant  other  companies 
giving  the  matter  serious  consideration.  The  saving  is  due  chiefly 
to  the  difference  in  price  of  coal  and  coke  and  to  the  decreased  amount 
of  oil  used  per  1 ,000  cubic  feet  of  gas  made.  Since  the  prices  of  coal, 
ike,  and  oil  are  different  in  various  parts  of  the  country,  the  saving 
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to  be  realized  can  only  be  determined  when  these  conditions  are 
known.  However,  it  is  very  generally  true  that  coke  costs  consid- 
erably more  per  ton  than  coal,  and  in  addition  a  good  grade  of  coke 
is  only  obtainable  at  many  plants  by  shipment  from  a  considerable 
distance. 

SULFHUB  CONTENT  AS  A   LIMmNO   FACTOR. 

A  large  proportion  of  the  total  coal  supply  of  the  United  States 
contains  a  rather  high  per  cent  of  sulphur.  When  such  coals  are 
used  as  generator  fuel,  more  sulphur  passes  into  the  impurified  gas 
and  the  amount  of  it  seems  to  vary  as  the  per  cent  of  total  sulphur 
in  the  coal  varies.  This  means  an  added  duty  for  the  purifiers,  with 
a  resultant  increase  in  the  cost  of  the  finished  gas,  if  the  sulphur  is 
not  recovered  as  a  by-product.  In  some  plants  where  the  purifying 
capacity  is  limited  an  increased  amount  of  sulphur  in  the  raw  gas 
offers  a  serious  problem  for  the  engineer.  High-sulphur  coals  are 
very  often  lower  in  price  deUvered  than  low-sulphur  coals  and  fre- 
quently have  better  gas-making  properties  as  well.  Although  it  is 
natural  to  specify  low-sulphur  coals  from  a  desire  to  keep  operating 
expenses  as  low  as  possible,  the  advantages  to  be  gained  by  utilizing 
coals  of  higher  sulphur  content  may  sometimes  be  great  enough  to 
warrant  increasing  the  purifying  capacity. 

T7BB  OF  COALS  7ROK  OTSBB  DZ8T&I0T8  A8  OENBBATOB  FUEL. 

The  authors'  experiments  were  limited  to  Central  District  coals, 
therefore  figures  can  not  be  given  for  the  economies  obtainable  with 
other  high-volatile  coals.  Many  of  them  would,  no  doubt,  answer 
equally  well  for  this  purpose.  Some  trouble  may  be  anticipated, 
however,  with  coals  that  disintegrate  when  heated. 

StTHKABY  AND  CONCLUSIONS. 

The  results  at  the  Streator  plant  and  in  other  plants  where  bitu- 
minous coal  is  in  use  as  generator  fuel  seem  to  justify  the  following 
conclusions: 

1.  High  volatile  bituminous  fuel  can  be  used  efficiently  in  the 
manufacture  of  water  gas. 

2.  An  oil  economy  can  be  realized  when  bituminous  coal  is  used 
as  generator  fuel,  due  to  the  increased  value  of  the  blue  gas  occa- 
sioned by  the  presence  of  some  of  the  volatile  matter  of  the  coal. 

3.  When  coal  fuel  is  used,  it  is  not  necessary  to  operate  with  a 
relatively  cold  generator,  thereby  materially  reducing  the  make. 

4.  Operating  methods  can  be  so  adjusted  that  the  capacity  when 
coal  is  used  with  the  present  apparatus  can  be  made  to  approach 
that  attained  with  a  good  grade  of  coke,  and  to  equal  or  surpass  that 
attained  with  an  inferior  coke.  The  blow«nin  method  of  operating 
is  one  example  of  such  adjustment. 
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5.  The  reduced  capacity  frequently  noted  when  bituminous  coal 
(coking  coal)  is  used  in  the  generator  is  in  part  due  to  the  resistance 
to  the  air  blast  occasioned  chiefly  by  the  coking  and  matting  of  the 
fuel. 

6.  The  resistance  to  the  passage  of  air  through  the  fire  is  mate- 
rially decreased  by  the  uniform  admixture  of  coke  with  the  coal. 

7.  When  mixtures  of  coal  and  coke  containing  more  than  50  per 
cent  of  coal  are  used,  there  seems  to  be  a  definite  mixture  that  is 
favorable  for  a  maximum  make.  The  amounts  may  vary  with 
different  coals,  but  for  those  used  in  the  Streator  experiments  the 
most  satisfactory  mixture  was  70  per  cent  coal  and  30  per  cent 
coke,  without  blow  run. 

8.  When  the  blow  run  is  employed  with  the  70-30  mixture  of  coal 
and  coke,  the  make  is  further  increased. 

9.  When  the  blow  run  is  used  with  a  fuel  mixture  containing 
70  per  cent  coal  and  30  per  cent  coke,  the  oil  used  per  1,000  feet  was 
not  noticeably  increased  over  the  amount  used  with  100  per  cent  coal. 

10.  The  production  of  smoke  which  is  associated  by  some  operators 
with  the  use  of  bituminous  coal,  can  be  almost  if  not  entirely  elimi- 
nated by  slight  modification  of  the  operating  procedure. 

11.  Indications  are  that,  if  bituminous  coal  is  used,  with  careful 
operation  the  amoimt  of  generator  fuel  per  1,000  cubic  feet  of  gas 
made  need  not  be  very  much  greater  than  witii  coke  f  oel  of  approxi- 
mately the  same  heating  value.  Plants  are  now  operating  con- 
sistently with  a  consumption  of  37  to  40  pounds  of  Central  District 
coal  per  1,000  feet  that  previously  used  33  to  37  pounds  of  coke  to 
produce  the  same  amount  of  gas. 

12.  The  utilization  of  coal  in  place  of  coke  as  generator  fuel, 
when  shipment  from  distant  points  is  to  be  avoided,  conserves  the 
transportation  facilities  of  the  country. 
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Part  I.— TESTING  COEIIR  D'ALENE  LEAD-ZINC  ORES  FOR 

DIFFERENTIAL  FLOTATION. 

By  Clabence  A.  Wrioht  and  James  G.  Parmxlbb. 

IHTRODTTCTIOH. 

The  object  of  this  paper  is  to  give  to  mining  companies  and  to 
all  others  who  are  interested  some  idea  of  the  possibilities  in  the 
treatment;  by  differential  flotation,  of  lead-zinc  ores  of  the  Coenr 
d'Alene  region  and  other  districts.  The  purpose  of  these  investiga- 
tions is  not  to  evolve  a  differential  flotation  process  that  would  replace 
present  methods  of  gravity  concentration  but  rather  one  that  could 
be  applied  to  the  relatively  fine  material  and  slime  produced  in  the 
mills  and  treated  unsuccessfully  by  gravity  methods  or  by  flotation. 
It  is  expected,  of  course,  that  the  products  to  be  obtained  by  dif- 
ferential flotation  would  be  of  much  better  grade  than  those  now 
produced  by  flotation  in  the  Coeur  d'Alene  mills. 

In  view  of  the  fact  that  it  has  been  difficult  to  obtain  representative 
samples  of  flotation  feed  from  the  mills,  owing  to  the  necessity  of 
shipping  the  material  wet  and  'free  from  oil  or  other  foreign  matter 
that  might  be  deleterious  to  the  differential  separation  of  the  sul- 
phides, the  writers  have  felt  justified  in  running  flotation  tests  with 
the  mill  feeds  in  order  to  ascertain  whether  a  differential  separation 
of  the  sulphides  could  be  effected.  However,  two  different  lots  of 
flotation  feed  were  tested  for  differential  flotation,  and  the  results  of 
tests  of  one  of  these  are  given  in  this  report.  It  is  hoped  that  it  will 
be  possible  later  to  test  out  the  flotation  feed  for  differential  flota- 
tion on  a  large  scale  in  some  of  the  mills. 

This  paper  covers  part  of  the  investigations  carried  on  by  the 
United  States  Bureau  of  Mines  in  cooperation  with  the  Idaho  Bureau 
of  Mines,  the  University  of  Idaho,  and  certain  mining  companies  of 
the  Coeur  d'Alene  region.  Although  the  results  of  the  tests  included 
in  this  report  are  not  to  be  considered  final,  they  indicate  possibili- 
ties and  may  suggest  others  leading  to  a  solution  of  the  problem  of 
separating  lead  and  zinc  sulphides  by  differential  flotation  in  the 
treatment  of  certain  ores. 
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DEFIHITIOHS. 

The  following  definitions  of  flotation  have  been  adopted  by  the 
Bureau  of  Mines : 

Flotation  is  the  process  or  processes  by  which  the  valuable  minerals 
in  a  mass  of  finely  ground  ore  can  be  caused  to  float  on  a  liquid  into 
which  the  finely  ground  ore  is  fed. 

Differeritialjlotation  is  the  flotation  of  one  flotative  mineral  in  the 
presence  of  another  ordinarily  flotative. 

Prefererdial  flotation  is  a  special  type  of  differential  flotation  in 
which  a  mixture  of  two  flotative  minerals  is  given  a  light  roast  in 
order  that  one  may  be  oxidized  while  the  other  remains  unchanged. 
Only  the  surface  of  one  of  the  minerals  is  oxidized,  but  this  suffices 
to  keep  it  from  floating. 
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LEAD-ZIHG  OSES  OF  THE  COEITB  D'ALEHE  KEOIOH. 

The  chief  metals  produced  from  the  ores  of  the  Coeiu*  d'Alene 
region  are  lead  and  zinc,  with  minor  amounts  of  copper^  silver,  and 
antimony.  Where  the  minerals  are  as  finely  disseminated  as  in  the 
mines  of  the  Pine  Creek,  Nine-mile,  and  other  districts,  it  is  almost 
impossible  to  make  clean  lead  and  zinc  products  by  the  usual 
methods  of  gravity  concentration.  Although  at  most  mills  a  good 
percentage  of  lead  and  zinc  is  recovered  in  the  concentrates  from  the 
jigs,  fine  grinding  is  essential  to  effect  a  reasonably  clean  separation 
of  either  mineral  when  as  finely  disseminated  as  in  ores  of  this  char- 
acter.   In  fact,  it  has  been  found  by  examination  under  the  micro- 
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scope  that  some  of  the  lead  and  zinc  particles  are  still  mechanically 
combined  in  an  ore  that  has  been  crushed  to  pass  a  200-mesh 
screen.  This  fact  is  clearly  indicated  in  the  accompanying  photo- 
micrographsy  which  are  described  under  each  ore  tested. 

PBODTTGTS  OBTAINED  BY  PBBSBNT  METHODS  OF  CONCBNTBATION 

The  following  examples  will  give  some  idea  of  the  grade  of  lead- 
zinc  ore  treated  and  the  products  obtained  by  the  present  methods 
of  concentration: 

Assays  of  feed  and  concentrates. 


Orel. 

Assays. 

Pb. 

Zn. 

Ag. 

Fe. 

Mn. 

8. 

Insol. 

Feed  to  mill 

Per  cent. 
11.4 
15.4 

Percent. 
16.9 
33.4 

Our»ce9 
per  ton. 
3.6 
5.0 

Percent. 
6.1 
9.3 

Per  cent. 

9.2 

.3 

Percent. 
14.0 
23.1 

Per  cent. 
50.0 

Zinc  conoentrat^s 

16.6 

♦  Ore2. 


Peed  to  mill 

Lead  caocentrates 
Zinc  conoentrates . 


AasayB. 


Pb. 


PercerU. 

3.0 

45.0 

9.0 


Zn. 


PercerU. 
15.0 
18.0 
34.5 


Fe. 


Percent. 
8.0 
15.0 
11.0 


Ores. 


Feed  to  mill 

Lead  conoentrates  from  mill 

Zinc  concentrates  from  mill 

Lead  concentrates  from  tables 

Zinc  oonoentratesfrom  tables 

Lead  product  from  retreatment  of  flotation  ooncentrates  on 

tables 

Zinc  product  from  retreatment  of  flotation  conoentrates  on 

tables 


Assays. 

Pb. 

■V 

Zn. 

Fe. 

PercerU. 

PereetU. 

Percent. 

6.0 

12.0 

7.0 

50.0 

12.0 

7.0 

14.0 

8S.0 

6.0 

6S.0 

8.0 

7.0 

9.0 

34.0 

10.0 

65.0 

10.0 

7.0 

12.0 

43.0 

5.0 

Ag. 


Ouneet 

per  ion, 

2.0 

16.0 

5.0 

18.0 

3.0 


15.0 
4.0 


Ore  4. 


Assays. 


Feed  to  mill 

Lead  concentrates  from  Jlra 

Lead  concentrates  from  tables . . 
Zinc  conoentrates  from  tables . . . 

Feed  to  flotation  cells 

Zinc  concentrates  from  flotation 


Pb. 

Zn. 

Per  cent. 

Per  cerU. 

5.1 

5.8 

49.5 

10.0 

D6.6 

11.2 

1L7 

23.4 

2.7 

6.7 

15.6 

25.4 

Ag. 


Ouneea 
per  ton. 
L9 
12.8 
9.7 
8.6 
L8 
7.8 


From  the  above  examples  it  is  evident  that  considerable  zinc  is 
lost  in  the  lead  concentrates  and  that  the  zinc  concentrates  carry 
a  small  amount  of  lead.    The  question  arises,  therefore,  whether  or 


6  ItOTATION  TESTS  OF  IDAHO  ORES. 

not  a  cleaner  separation  of  the  minerals  is  commercially  feasible. 
On  the  assumption  that  cleaner  products  are  possible,  it  is  necessary 
to  determine  what  step  should  be  taken  to  effect  a  better  separation^ 
whether  (1)  by  changing  and  improving  the  present  methods,  as  by 
grinding  the  ore  finer,  which  would  necessitate  more  tables,  possibly 
a  smaller  number  of  jigs,  and  a  somewhat  larger  flotation  plant;  or 

(2)  by  combining  the  first  improvement  with  differential  flotation;  or 

(3)  by  giving  the  concentrates  a  flash  roast  followed  by  preferential 
flotation;  or  (4)  by  some  hydrometallurgical  process. 

In  order  to  avoid  any  radical  changes  in  the  present  methods  and 
equipment  in  the  mills,  it  seemed  advisable  to  experiment  along  the 
first  and  second  lines  suggested,  namely,  to  effect  a  better  separation 
of  the  lead  and  zinc  minerals  by  differential  flotation,  with  whatever 
changes  in  the  present  treatment  of  the  ores  this  might  necessitate, 
should  differential  flotation  prove  successful.  It  is  in  that  direction, 
therefore,  that  the  Biu^au  of  Mines,  in  cooperation  with  the  Univer- 
sity of  Idaho,  the  Idaho  Bureau  of  Mines  and  Geology,  and  certain 
mining  companies  of  the  Coeur  d'Alene  region,  has  done  most  of  its 
experimenting  in  order  to  find  some  method  of  effecting  a  better 
commercial  separation.  Prom  a  number  of  tests  nm  on  various  ores 
to  date,  interesting  and  encouraging  results  have  been  obtained. 

TESTIHG  THE  LEAD-ZIHC  OBES  FOB  DIFFEBENTIAL 

FLOTATIOH. 

In  the  experiments  conducted  imder  the  direction  of  the  United 
States  Bureau  of  Mines  in  the  University  of  Idaho  School  of  Mines 
laboratories,  the  principal  object  in  testing  an  ore  for  differential  flota^ 
tion  was  to  ascertain  what  flotative  mixture  would  effect  the  best 
differential  separation  as  regards  commercial  practicality.  Prior  to 
the  actual  testing  of  any  ore  for  differential  flotation,  however,  cer- 
tain preliminary  tests  were  made  that  have  an  important  bearing  on 
subsequent  treatment.  This  preliminary  work  comprised  a  physical 
examination  of  the  ore,  a  screen  analysis  after  the  ore  had  been 
crushed  to  ^inch  size  or  less,  and  an  examination  under  a  hand  lens 
or  a  binocular  microscope  of  the  finer  sizes  of  ore  to  ascertain  the 
fineness  of  crushing  necessary  to  liberate  most  of  the  mineral  particles. 
These  physical  tests  or  examinations  were  followed  by  chemical  analy- 
ses of  the  ore  and  of  the  products  obtained  from  the  screen  analyses. 
The  more  important  points  brought  out  by  the  preliminary  examina- 
tion of  the  orOi  considered  with  reference  to  subsequent  flotation 
testing,  were  the  necessary  degree  of  fineness  in  grinding  and  the 
chemical  composition  of  the  ore  with  reference  to  the  minerals  sought 
and  the  gangue  constituents  present. 
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USE  OF  OILS  AND  OHEXICAIiS. 

After  the  preliminary  observations  were  made,  actual  flotation 
tests  followed.  The  method  of  procedure  was  first  to  run  a  series  of 
tests  with  each  ore,  using  different  oils  alone  to  determine  the  relative 
value  of  each  as  to  frothing  and  collecting  properties,  and  its  ability 
to  effect  a  mineral  selection.  The  procedure  was  then  repeated  with 
a  number  of  the  more  common  chemicals  alone.  From  the  results 
obtained  in  these  two  series  of  tests  it  was  ascertained  what  possible 
combinations  of  oils  and  chemicals  might  be  expected  to  effect  a  high 
recovery  and  a  good  selection  of  mineral  with  the  particular  ore  in 
question.  Finally,  many  combinations  of  the  selected  oils  and  chemi- 
cals were  tried,  followed  by  tests  using  different  quantities  of  the 
oils  and  chemicals.  It  should  be  mentioned  here  that  many  of  the 
derivatives  of  both  mineral  and  vegetable  oils,  such  as  phenol,  an- 
thracene, eugenol,  and  guaiacol,  were  also  tried.  Some  of  the  oil 
derivatives  gave  good  results,  whereas  others  were  more  or  less  inact- 
ive as  far  as  concerns  differential  selection  and  recovery. 

A  mixture  of  coal-tar  creosote,  alcohol,  and  sodium  hydroxide 
effected  a  fairly  good  differential  separation  of  the  lead  and  zinc 
sulphides  in  one  ore,  with  a  fair  recovery.  Distillates  drawn  off  at 
different  temperatures  from  mixtures  of  many  coal  tars  and  alcohol 
were  used,  but  the  results  were  not  much  more  satisfactory  than  with 
"straight''  mixtures  of  coal  tar  and  alcohol. 

The  use  of  alcohol  and  coal-tar  creosote  with  sodium  hydroxide 
has  been  mentioned  in  an  article  by  W.  L.  Zeigler.*  Unfortunately 
this  mixture  did  not  seem  to  be  applicable  to  all  lead-zinc  ores  with 
equally  good  results,  as  actual  tests  have  shown.  In  fact,  the  out- 
standing featiu*e  of  the  many  tests  run  on  different  ores  was  that  each 
ore  seemed  to  require  a  somewhat  different  flotative  mixture  and  that 
the  effect  of  a  certain  oil  or  flotation  agent  on  one  ore  may  be  different 
on  another  similar  ore.  This  is  mentioned  to  obviate  any  tendency 
to  drawing  the  conclusion  that  a  flotation  mixture  used  with  one  ore 
will  produce  like  results  with  another  ore  of  similar  mineral  content. 
It  is  sometimes  possible,  however,  to  remove  or  at  least  to  reduce  the 
detrimental  effect  of  soluble  compounds  present  by  washing  the  ore 
prior  to  flotation. 

Mixtures  of  gasoline  and  coal  tars  have  also  been  tested,  giving  a 
good  selection  of  lead  with  rather  low  recovi^ries.  A  mixture  of 
gasoline  and  coal  tar  with  a  small  amount  of  cresylic  acid  has  been 
used  with  fair  success  on  a  commercial  scale  in  differential  flotation  of 
a  lead-zinc  ore. 


1  Zeigler,  W.  L.,  Differential  flotation  of  lead  and  zinc:  Eng.  and  Min.  Jour.,  vol  lOS,  Apr.  20, 191Sy 
pix  741-742. 
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FliOTATIOK  TESTS  OF  IDAHO  ORBS. 


The  reader  will  note  that  20  pounds  of  chemical  have  been  used  in 
some  of  the  tests  described  in  this  paper.  This  quantity  is  employed 
in  the  preliminary  tests  solely  to  determine  the  effectiveness  of  the 
chemical  in  producing  a  differential  selection  of  mineral.  In  larger 
scale  work  the  amoimt  of  chemical  or  chemicals  can  be  considerably 
reduced,  as  proved  by  actual  tests. 

OPEBATING  CONDITIONS. 

Nearly  all  the  flotation  experiments  were  made  with  mechanical- 
agitation  machines  of  the  Federal-Varley  type  (fig.  1)  with  ore  that 
was  crushed  dry.  In  testing  the  ores  included  in  this  report,  it  was 
foimd  that  a  better  recovery  was  possible  with  an  ore  that  had  been 
crushed  wet;  hence  results  from  tests  which  used  ore  that  had  been 
crushed  dry  might  have  been  improved  by  wet  crushing. 

The  following  table,  giving  comparative  results  of  tests,  emphasizes 
this  more  clearly. 


Table  1. — 


ComparUon  of  rendu  obtained  in  the  treatment  of  lead-zine  ore  after  dry 

and  wet  crushing. 

[Feed:  Pb,  11.4  per  cent;  Zn,  3.9  per  cent;  Fe,  11.7  per  cent.] 

DBY  CBUSHnro. 


Flotation  agents. 


'Pounds 
per 
ton. 


Distillate  from  mixture  of  coal  tar  and 
and  alcohol  (1:4) 

Sodium  hvdroxide 

Mixture  of  coal-tar  creosote  and  aloohol 
(1:4) 

Sodium  hydroxide 

Mixture  of  coal  tar  and  alcohol  (1:4) 

Sodium  hydroxide 

Coal-tar  creosote 

Wood  creosote 

Sulphuric  acid 


1.0 
1.0 

1.0 

1.0 

1.0 

1.0 

.2 

.3 

10.8 


Grade  of  product. 


Pb. 


Percent. 


53.7 


60.2 


49.9 


Zn. 


Percent. 


10.9 


8.7 


9.0 


36.1 


8.4 


Fe. 


Percent. 


4.9 


0.0 


6.2 


9.5 


Recoveries. 


Pb. 


Percent. 


72.0 


75.4 


70.0 


80.0 


Zn. 


Percent. 


48.0 


43.4 


41.7 


00.0 


Fe, 


Percent, 


ft.3 


8w7 


8.3 


2ao 


WET  CBUSHnro. 


Distillate  from  mixture  of  coal  tar  and 
alcohol  (1:4) 

1.0 
1.0 

1.0 

1.0 

1.0 

1.0 

.2 

.3 

10.8 

Sodium  hydroxide 

54.5 

9.1 

6.3 

90.6 

4&6 

9.6 

Mixture  oi  coal  tar  creosote  and  alcohol 
U:4) 

Sodium  hydroxide 

54.7 

9.1 

6.0 

88.0 

4&0 

8.7 

Mixture  of  coal  tar  and  alcohol  (1:4) 

Sodium  hydroxide 

49.0 

10.4 

7.7 

91.0 

50.5 

12.9 

Goal-tar  creosote..... . 

Wood  creosote 

Bu  iDhuric  add 

39.4 

11.5 

9.9 

95.2 

84.0 

22.0 

All  preliminary  tests  were  run  in  a  small  single-cell  macshine 
(fig.  1),  using  1,000  grams  of  ore  for  each  test.  When  a  fair  selec- 
tion and  a  fair  recovery  were  obtained  from  a  preliminary  test,  the 
experiment  was  repeated  in  a  larger  machine,  using  4,000  to  5,000 
grams  of  ore. 
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Fia.  1.— Experimental  Flotation  Machine,    a,  2-inch  by  i-inch  brass  ring  bored  for  1-inch  plug;  6,  slot. 
Tobeeoostnicted  cf  abeetlead  Alnchthitik.    Alljoints  to  be  water-tlghtand  finished  smooth  on  both 

sides. 


10  FLOTATION  TESTS  OF  IDAHO  OBfiS. 

Although  practically  all  of  the  flotation  tests  described  were  made 
with  mechanical-agitation  machines,  the  type  of  machine  utilized 
may  have  an  important  bearing  on  the  differential  separation  of 
minerals.  In  fact,  some  modification  of  any  of  the  existing  types 
of  machines  might  help  to  effect  better  differential  separations  than 
are  at  present  possible.  A  study  of  the  mechanical  features  and 
design  of  the  machines  is  well  worthy  of  consideration. 

In  running  the  tests  it  was  found  that  a  pulp  density  of  about 
2J:1  to  3i:l  (water  to  solids)  seemed  to  give  the  best  differential 
selection  and  mineral  recovery  at  normal  temperature.  The  pulp 
and  flotative  mixtures  were  preagitated  from  three  to  five  minutes 
at  a  pulp  density  of  about  1:1,  after  which  the  water  level  in  the  cell 
was  raised  and  the  agitation  continued  for  about  10  minutes.  It 
had  been  foimd  that  the  bulk  of  the  lead  sulphide  concentrate  was 
drawn  off  during  the  first  five  minutes,  but  the  agitation  was  con- 
tinued in  order  that  the  time  factor  might  be  the  same  for  each  test. 
All  products  were  obtained  direct  from  a  single  cell  without  any 
attempt  to  clean  them. 

TESTING  0£E  HO.  1  FOB  DIFFEBEHTIAL  FLOTATIOH. 

DESCBZPTIOK  OF  OBB. 

The  lead-zinc  ore  represented  by  No.  1  and  No.  1,  A,  contained 
galena,  sphalerite,  small  quantities  of  pyrites  and  chalcopyrite, 
included  in  a  siderite-quartzite  gangue.  The  lead  and  zinc  minerals 
did  not  occur  free  in  large  pieces  but  were  more  or  less  finely  dis- 
seminated.  The  sphalerite  was  light  brown,  quite  different  from  the 
red  and  almost  black  varieties  found  in  other  mines  of  the  district. 
Particles  of  supposedly  clean  galena  often  showed  inclusions  of 
quartz,  sphaleritey  and  siderite  when  examined  under  a  binoculai 
microscope. 

Polished  sections  of  this  ore,  examined  under  the  microscope, 
indicated  that  it  was  a  typical  example  of  one  of  the  complex  asso- 
ciations of  lead  and  zinc  sulphides  whose  separation  and  concentration 
present  one  of  the  many  problems  of  ore  treatment.  A  typical  sec- 
tion of  the  ore  is  represented  in  the  accompanying  photomicro- 
graph, Plate  I,  A.  In  the  samples  examined  the  lead  sulphide 
occurred  in  two  distinct  combinations  with  reference  to  its  relation 
to  the  zinc  blende  and  the  gangue.  In  one,  represented  by  Plate  I, 
Bf  a  photomicrograph,  the  lead  appeared  in  minute  veins  cutting  the 
gangue  in  all  directions  and  forming  a  lacelike  network  of  mineral 
throughout  portions  of  the  sfliceous  ground  mass.  The  galena  occur- 
ring in  this  maimer,  although  rather  finely  disseminated  through  the 
gangue,  was  sufficiently  separated  by  fine  grinding  to  be  amenable 
to  recovery  by  flotation,  even  though  many  of  the  grains  were  not 
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entirely  freed.  In  the  other  occurrence,  the  galena  was  intimately 
associated  with  sphalerite  and  coidd  not  be  sufficiently  freed  by  fine 
grinding,  so  that  both  the  lead  and  zinc  concentrates  contained  grains 
of  locked  sulphides  of  lead  and  zinc. 

A  careful  study  of  briquettes  formed  of  samples  of  the  concentrates 
and  of  sealing  wax  indicated  that  where  the  zinc  content  predominated 
over  the  lead  the  grain  went  in  the  zinc  concentrate,  and,  likewise, 
when  galena  formed  the  greater  portion  of  the  locked  sulphide  grain 
it  went  with  the  lead  concentrate.  It  was  evident  that  with  a 
locked  grain  composed  of  equal  proportions  of  the  two  minerals  the 
ax^tion  might  be  erratic,  and  it  was  reasonable  to  presume  that  such 
grains  were  as  likely  to  go  with  the  lead  concentrate  as  with  the  zinc. 
Plate  II,  A  (p.  24),  is  a  photomicrograph  of  a  grain  of  sphalerite  in  a 
sealing  wax  briquette  showing  included  galena.  Some  of  the  minus 
200-mesh  material  showed  the  same  relation,  and  it  also  obtained  in 
the  lead  concentrate  grains  containing  inclusions  of  sphalerite. 

From  the  observations  above  it  is  reasonable  to  conclude  that 
good  recoveries  are  possible  if  the  ore  is  groxmd  fine.  It  is  also 
obvious  that  the  zinc  and  lead  sulphides  remaining  locked  after  fine 
grinding  are  in  a  class  probably  beyond  the  limits  of  separation  by 
mechanical  concentration. 

The  mill  feed,  represented  by  ore  1,  contained  about  7  per  cent 
lead  and  from  5  to  6  per  cent  zinc,  whereas  the  flotation  feed  from 
the  mill,  represented  by  ore  lA,  contained  about  5  per  cent  lead  and 
4  per  cent  zinc. 

A  chemical  analysis  of  ore  1  or  mill  feed  is  as  follows: 

Chemical  (malyds  of  are  1, 

Percent.  Percent. 


Pb 7.4 

55n 6.8 

Cu Tr. 

Fe 17.3 

S 4.5 


CaO 3.1 

MgO 4 

MnO 2.3 

SiO» 30.5 

Al^O* 4.2 


SCREEN   ANALYSIS  OP  ORE   1. 


After  the  sample  was  crushed  by  a  small  Blake  crusher  to  about 
one-fourth-inch  size,  a  screen  analysis  was  made  in  a  Tyler  Ro-Tap 
shaking  machine  and  then  the  different  screen  products  were  exam- 
ined to  ascertain  the  fineness  of  crushing  necessary  for  flotation 
testing. 
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The  screen   analysis   and   examination   of   the 
follow: 


Table  2. — Screen  cenalym  of  ore  1, 
[Hoadi  contained  Pb,  7. 4  per  cent;  Zn,  5. 8  per  cent;  Fe,  17. 3  per 


produ*'' 


Size  of  screen  opening. 

Weights. 

Assays  (per  cent). 

Percentoftotel 
head  oontent. 

CumclttiT*  > 
eenloftou^- 

Cumu- 

Hesh. 

Milli- 
meters. 

Inch. 

Per 
cent. 

lative 

per 

cent. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

Pb. 

z= 

On 4 

4.690 
2.363 

0.185 
.003 

24.0 
14.0 

24.0 
38.0 

6.6 
6.7 

5.3 
5.5 

18.5 
19.6 

31.3 
12.7 

21.5 
13.3 

35.6 
15.8 

8 

34.0 

H^ 

14 

1.168 

.046 

26.0 

64.0 

7.5 

6.0 

18.4 

36.3 

36.9 

27.6 

60.3 

617 

ao 

.833 

.0328 

6.0 

70.0 

7.1 

6.6 

17.8 

6.7 

6,7 

6.3 

6&0 

6JL4 

35 

.417 

.0164 

8.8 

78.8 

7.7 

7.0 

17.4 

9.2 

10.5 

8.8 

75.2 

7\' 

48 

.295 

.0116 

35 

82.8 

7.8 

7.1 

16.8 

3.6 

4.3 

8.4 

78.8 

S3.: 

65 

.208 

.0082 

2.6 

84.9 

8.0 

7.2 

16.3 

2.8 

3.3 

2.4 

81.6 

8^^ 

100 

.147 

.0058 

3.0 

87. 9 

8.6 

6.9 

15.6 

3.5 

3.4 

2.7 

85.1 

»• 

150 

.104 

.0041 

3.0 

90.9 

9.7 

6.3 

14.8 

3.9 

3.3 

3.5 

80.0 

«?  . 

aoo 

.074 

.0029 

1.6 

92.5 

11.1 

7.3 

13.5 

3.4 

1.9 

1.3 

91.4 

ftM 

Through. . .  .200 

.074 

.0029 

7.2 

99.7 

10.1 

4.5 

12.4 

9.9 

5.5 

5.1 

10L3  lOO.' 

Lote  and  error 

by  diflerence. 

+0.3 

-1.3 

-0.6 

-1.3 

Total 

100.0 

100.0 

100.0 

100. 0 

v  _ 

1  This  term  is  used  to  denote  sample  tested. 

EXAMINATION  OF   SCREEN  PRODUCTS. 

Product  on  ^-mesh  screen, — A  relatively  small  numbor  of  parti 
of  seemingly  clean  galena,  sphalerite,  siderite,  and  quartzite  «^ ' 
visible  in  this  screen  product,  but  most  of  the  mineral  particles  presr' 
were  mechanically  combined. 

Product  on  S-^mesh  screen. — ^The  galena  appeared  to  be  &^ 
disseminated  throughout  the  gangue,  although  it  was  abo  more 
less  mechanically  combined  with  the  sphalerite.  Very  little  - 
galena  or  sphalerite  was  noted. 

Products  on  14,  ^0,  and  35  mesh  screens. — ^These  screen  prodi 
were  similar  to  those  on  the  8-mesh  screen,  except  that  they  »ceii\ 
to  carry  more  free  mineral.    Particles  of  galena  and  sphalerite  « i 
still  mechanically  combined  with  each  other  and  with  gangue  v\ 
tides. 

Product  on  j^S^mesh  screen. — Although  many  mineral  parti' I 
were  still  mechanically  oombined,  considerable  tree  galena  seemeii 
be  present. 

Product  on  SS-mesh  screen. — The  material  on  a  screen  of  this  >^ 
still  contained  a  quantity  of  mechanically  combined  products,  but  i 
combined  mineral  particles  seemed  to  consist  principally  of  gt^ 
and  gangue  particles.  More  free  galena  and  sphalerite  were  preee 
than  in  the  preceding  product. 


COEUB  D^ALENE  LEAD-ZIKC  ORES. 


18 


Prod/wd  on  lOO-^rhesh  screen. — A  large  proportion  of  the  product 
consisted  of  free  mineral  particles.  Both  the  galena  and  sphalerite 
appeared  to  be  free  to  a  large  extent,  although  included  particles 
were  still  present.  The  material  woidd  seem  to  be  suitable  to  flota- 
tion. 

Product  on  ISO  and  200  mesh  screens. — ^This  material  was  similar 
to  the  product  on  the  lOO-meeh  screen.  Particles  of  included  galena, 
sphalerite,  and  gangue  could  still  be  seen. 

Product  through  200-me8h  screen — ^It  was  difficult  to  ascertain  the 
presence  of  combined  particles  of  galena  and  sphalerite  in  this  fine 
material,  although  there  is  no  doubt  that  such  particles  were  present, 
as  the  photomicrograph  shows,  (see  Plate  II,  A).  A  few  particles  of 
galena  and  gangue  could,  however,  be  seen  in  this  screen  product. 

As  a  result  of  the  examination  of  the  various  screen  products,  the 
ore  was  crushed  to  pass  a  65-mesh  screen.  Practically  all  of  the  ore 
used  in  testing  for  differential  flotation  was  crushed  to  this  size  or 
finer.    A  screen  analysis  of  this  material  for  flotation  testing  follows: 

Table  3. — Screen  analysis  of  material  for  flotation  testing  of  ore  1. 
[Bead  contained  Fb,  7.4  per  cent;  Zn,  6.8  per  cent;  Fe,  17.9  per  cent.) 


Size  of  screen  opening. 

Weights. 

Assays  (percent). 

Per  cent  of  total 
head  content. 

Cnmnlative  per 

cent  of  total  head 

content. 

Mesh. 

MUU- 
meters. 

Inches. 

Per 
cent. 

Ciimn- 
lative 

cent. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

100 

a  147 
.104 
.074 
.074 

0.0058 
.0041 
.0020 
.0020 

11.4 

26.0 

7.4 

66.0 

+0.0 

"a6.'4' 
4S.8 
90.4 

6.3 
0.1 
6.7 
8.8 

0.0 
6.0 
6.8 
&3 

17.6 
17.8 
17.3 
16.0 

0.4 

20.6 

6.7 

66.2 

-1.8 

11.7 

26.6 

7.2 

60.7 

+4.9 

11.6 

25.7 

7.4 

51.6 

+3.7 

160 

29.9 

35.6 

101.8 

37.0 
44.4 

06.1 

87. 3 

aoo 

Through...  2UU 
LoR8   or   error 
by  diffttence. 

44.7 
96.8 

Total 

loao 

100.0  loao 

100.0 

The  analysis  shows  that  55  per  cent  of  the  material  for  flotation 
testing  passed  the  200-mesh  screen  and  that  this  screen  product 
contained  66  per  cent  of  lead  and  50  per  cent  of  zinc. 

BESULTS  OF  FLOTATION  TESTS. 

The  results  obtained  by  testing  this  lead-zinc  ore  for  differential 
flotation  did  not  indicate  as  high  recoveries  as  were  obtained  with 
the  flotation  feed  from  the  mill  (ore  1,  A).  The  results  of  tests 
given  below  have  been  selected  from  a  number  run  on  this  ore.  All 
tests  were  run  without  any  attempt  to  clean  the  products, 

23670<>— 21 2 
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RuuUsofUttl. 
[Head  ofmUdnfld  Fb,  7.4  per  oent;  Zn,  &7per  oent;  Fe,  17JI  per  oent] 


Grade  of  products. 


Lead  oonoentrate 
Zinc  oonoentrate . 

Middling 

Tailing 


Assay  of  products. 


Pb. 


PtrtmU 

67.6 

8.7 

8.3 

.9 


Zn. 


PeresNl. 

7.4 

22.4 

4.6 

.6 


Fe. 


PereenL 

5.5 

16.0 

10.6 

1&9 


Beooveries. 


Pb. 


PereenL 

68.6 

21.7 

4.1 

7.7 


Zn. 


Percent 

11.4 

72.6 

7.3 

6.7 


Fe. 


PereenL 

2.8 

17.1 

10.4 

6D.3 


Flotation  agents. 


Sodaaah. 


Pounds 
per  ton. 

5.0 


Charcoal L  0 

Barrett  Co.  No.  2  coal-tar  creosote 4 

Pensacola  Tar  A  Turpentine  Co.  No.  350  crude  wood  pine  oil 2 

Remarks. — Soda  ash,  charcoal,  and  coal-tar  creosote  were  used  for  the  lead  concen- 
trate, the  pine  oil  being  added  to  raise  the  zinc  sulphide  after  the  lead  concentrate  had 
been  removed.  The  results  showed  a  &ir  di£ferential  selection,  especially  as  no 
attempt  was  made  to  clean  the  concentrates,  but  the  recoveries  of  both  the  lead  and 
the  adnc  were  r^tively  low. 

lUmlts  of  test  12. 

[Head  contained  Pb,  7.4  per  oent;  Zn,  5.7  per  cent;  Fe,  17.3  per  oent.] 


Grade  of  iHX)duct8. 


Lead  oonoentrate 
Zinc  oonoentrate. 

Middling 

Tailing 


Assay  of  products. 


Pb. 


PercerU. 

58.8 

4.4 

1.5 

2.2 


Zn. 


Percent 

7.1 

26.0 

5.1 

1.2 


Fe. 


Percent 

7.1 

15.1 

23.1 

10.2 


Recoveries. 


Pb. 


Percent 

73.5 

7.2 

1.3 

17.0 


Zn. 


Percent 

13.5 

67.5 

6.7 

14.1 


Fe. 


Percent 

4.4 

12.4 

10.2 

74.1 


Flotation  agents. 

Pounds 
per  ton. 

Soda  ash 2.0 

Barrett  Co.  No.  2  coal-tar  creosote 4 

General  Naval  Stores  Co.  No.  5  s.  d.  pine  oil 1 

Copper  sulphate .6 

Pensacola  Tar  &  Turpentine  Co.  No.  350  crude  wood  pine  oil 2 

Remarks. — Of  these  flotation  agents  the  first  three  were  used  to  raise  the  lead  and  the 
last  two  to  raise  the  zinc  sulphide  after  the  lead  concentrate  had  been  removed.  The 
results  indicated  a  fair  di£ferential  selection  of  the  two  sulphides,  as  in  test  1,  but  the 
recoveries  of  both  lead  and  zinc  were  relatively  low. 
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Results  of  t£9t  41. 
[Head  contafned  Pb»  6.5  per  cent;  Zn,  5.3  per  cent;  Fe,  17.6  per  cent.) 


Grade  of  products. 

Assay  of  products. 

ReooTBries 

• 

Pb. 

Zn, 

Fe. 

Pb. 

Zn. 

Fe. 

Lead  concentrate 

Percent, 

41.5 

7.7 

5.5 

.4 

Percent, 

4.7 

25.8 

7.7 

.6 

Percent, 

9.2 

14.5 

21.0 

19.2 

Percent, 

66.1 

18.0 

4.8 

4.2 

Percent, 

9.0 

74.0 

8.3 

7.7 

Percent. 
&3 

Zinc  concentrate 

12.5 

Middling 

6b8 

TuIHtig 

74.2 

Flotation  agents. 

Pounds 
per  ton. 

Barrett  Co.  (Vancouver)  coal-tar  creosote L  2 

General  Naval  Stores  Co.  No.  5  s.  d.  pine  oil ^ . .       .4 

Copper  sulphate 2.0 

Water  glass,  40^  B 20.0 

Pensacola  Tar  &  Turpentine  Co.  No.  350  crude  wood  pine  oil 4 

Remarks. — ^In  this  test  the  pulp  was  pretreated  with  SO,  gas,  after  which  the  first 
two  flotation  agents  were  added  to  raise  the  lead  sulphide.  After  the  removal  of  the 
lead  concentrate  the  three  remaining  flotation  agents  were  added  to  recover  the  zinc 
blende.  The  results  indicated  a  differential  selection,  the  SO,  gas  seeming  to  keep 
the  zinc  mineral  down  although  the  lead  tenor  of  the  lead  concentrate  was  a  bit  low. 
Both  the  lead  and  zinc  concentrates  no  doubt  could  have  been  improved  by  passing 
them  through  cleaner  cells.  Several  tests  were  run  with  SO,  gas  with  more  or  less 
favorable  results. 

Results  of  test  4^. 
[Head  contained  Pb,  6.5  per  cent;  Zn,  5.3  per  cent;  Fe,  17.5  per  cent.] 


Grade  of  products. 

Asflay  of  prodacts. 

Recoveries. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

lioad  coocentrate '.t 

Percent, 

38.9 

2.3 

Percent. 
2.0 
5.4 

Percent, 

9.9 

18.6 

Percent. 
68.8 
31.3 

Percent. 
4.3 

9ai 

Percent, 
6.5 

TaiUnff 

93.4 

Flotation  agents. 

Poondfl 
per  too. 

Vancouver  coal-tar  creosote 0. 6 

General  Naval  Stores  Co.  No.  5  s.  d.  pine  oil 4 

Rejnarks.—Aa  in  test  41,  pretieatment  with  SO3  gas  seemed  to  prevent  the  floating 
of  the  zinc  suljMde.  This  fact  was  more  marked  here  in  that  the  zinc  content  of  the 
lead  concentrate  was  much  lower.  Although  the  grade  of  product  was  low,  the  lead 
tenor  could  have  been  raised  by  further  treatment  in  cleaner  flotation  cells.  This 
was  one  of  several  tests  whose  object  was  to  get  a  lead  concentrate  low  in  zinc,  no 
attempt  being  made  to  recover  the  zinc  mineral  after  removal  of  the  lead  concentrate. 
The  resultsof  using  SOa  gas  seemed  to  indicate  poanbilitieB  in  eflectiDg  a  separation  of 
the  lead  and  zinc. 
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Results  of  test  6S. 
[Head contained  Fb,  6.5  percent;  Zn,  5.3  percent;  Fe,  17.6  percent.) 


Qiade  of  products. 

Assay  of  products. 

Recoveries 

» 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

Lead  concentrate 

Percent. 
53.4 
10.5 
4.8 
.55 

Percent. 
8.7 
33.2 
4.6 
.03 

Percent. 

7.1 

10.6 

23.2 

19.5 

Percent. 

65.7 

19.7 

8.1 

5.8 

Percent. 

13.1 

76.4 

9.6 

.4 

Percent. 
3.2 

Zinc  concentrate 

7.3 

Middling 

14.5 

Tallinif 

75.6 

Flotation  agents. 


Sodaaah. 


Founds 
per  ton. 

4.0 


Barrett  Co.  Salt  Lake  heavy  coal-tar  creosote 4 

Greneral  Naval  Stores  Co.  No.  5  s.  d.  pine  oil 04 

Copper  sulphate 1. 0 

Water  glass,  40°  B 10.0 

Fensacola  Tar  &  Turpentine  Co.  No.  350  crude  wood  pine  oil 2 

ReTnarks. — The  lead  concentrate  was  obtained  with  the  first  three  flotation  agents, 
the  copper  sulphate  and  water  glass  being  subsequently  added  to  raise  the  zinc. 
Oil  No.  350  was  added  after  the  zinc  concentrate  had  been  removed  in  order  to  pro- 
duce the  middling.  B.esult8  indicated  a  fair  differential  selection  of  the  sulphides. 
The  grade  of  products  could,  no  doubt,  have  been  improved  by  cleaning. 

TESTnra  obe  i,  a,  fob  diffebeittial  flotation. 

DESCRIPTION  OF  OBE. 

Ore  1,  A,  was  the  actual  flotation  feed  from  the  mill  after  the 
mill  feed  (ore  1)  had  been  treated  by  gravity  concentration.  Its 
chemical  composition  was  very  similar  to  that  of  the  mill  feed, 
although  the  lead  and  zinc  content  was  a  trifle  lower,  running  about 
5  and  4  per  cent,  respectively.    A  chemical  analysis  is  as  follows: 


Chemical  analysis  of  ore  Ij  A. 


Pb. 
Zn. 
Fe. 
Cu. 

S.. 


Per  cent. 
..  5.7 
..  4.6 
. .  17. 8 
..  Tr. 
..      3.8 


CaO.. 
MgO.. 
MnO. 
SiOa.. 
AljO,. 


Per  cent. 
..  3.6 
.4 
..  2.4 
..  30.8 
..      4.7 


SCREEN   ANALYSIS   OF   ORE    I,   A, 

This  flotation  feed  was  foxmd  to  be  more  readily  amenable  to  differ- 
ential flotation  than  the  mill  feed,  especially  as  regards  higher  recov- 
eries of  both  lead  and  zinc.  These  relatively  higher  recoveries, 
however,  were  probably  due,  in  part  at  least,  to  the  flotation  feed 
being  ground  wet  and  considerably  finer  than  the  mill  feed,  which 
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was  crushed  to  65-me8h  size.  Referring  to  the  screen  analysis  of 
the  mill  feed  (ore  1)  given  in  Table  3  (see  p.  13),  it  will  be  seen  that 
only  55  per  cent  passed  the  200-mesh  screen,  whereas  the  screen 
analysis  of  the  flotation  feed,  given  below,  shows  that  81  per  cent 
passed  through  the  200-mesh  screen. 

Table  4. — Screen  analysis  of  flotation  feed  from  mill,  ore  1,  A. 
[Head  oontaliied  Pb,  5.5  per  cent;  Zn,  4.3  per  oent;  Fe,  17.5  per  cent.] 


Size  of  screen  opening. 

Weights. 

Assays  (percent). 

Per  cent  of  total 
head  content. 

Cumulative  per 

cent  of  total  head 

content. 

Mesh. 

liUli- 
meters. 

Indies. 

Per 

cent. 

Cmnii- 

lative 

per 

cent. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

On 100 

0,147 
.104 
.074 
.074 

0.0058 
.0041 
.0029 
.0029 

1.5 

6.3 

10.7 

81.0 

.5 

""'7.'8 
18.5 
99.5 

5.4 
4.7 
4.3 
5.5 

3.0 
4.3 
4.0 
4.5 

17.6 
17.7 
17.1 
17.1 

1.4 

5.5 

8.2 

80.9 

+4.0 

1.1 

6.4 

9.9 

84.9 

-2.3 

1.4 

6.6 

10.6 

79.1 

+2.3 

150 

200 

Throagb...200 

Loss  or  error  by 

6.9 
15.1 
96.0 

7.5 

17.4 

102.3 

8.0 
18.6 
97.7 

Total 

100.0 

100.0 

100.0 

100.0 

The  screen  analysis  shows  that  the  material  passing  the  200-mesh 
screen  contained  practically  81  per  cent  of  the  total  lead  and  85  per 
cent  of  the  total  zinc. 


EXAMINATION  OF  SCKEEN  PBODUCTS. 

Product  on  lOO-mesh  screen. — ^When  this  screen  product  was  ex- 
amined free  mineral  particles  could  be  seen,  although  there  were  also 
many  included  mineral  particles,  especially  of  galena  and  siderite. 
The  principal  minerals  observed  were  galena,  sphalerite,  siderite, 
and  quartz. 

Products  on  150  and  200  mesh  screens. — ^These  products  appeared 
to  be  similar  to  those  on  the  IQO-mesh  screens,  although  there  seemed 
to  be  more  free  mineral.  Galena  particles  combined  with  siderite 
and  with  quartz  could  still  be  seen. 

Product  through  200-mesh  screen. — ^This  product  contained  con- 
siderably more  free  mineral  particles,  although  included  mineral 
particles  of  galena  and  quartz  were  still  present.  Aside  from  the 
galena  particles  all  other  minerals  appeared  to  be  free. 

BESULTS  OF  FLOTATION  TESTS. 

The  results  obtained  in  testing  the  flotation  feed  of  ore  1,  A^  were 
in  general  better  than  those  obtained  when  using  the  mill  feed,  ore  1, 
especially  in  regard  to  recoveries  of  the  lead  and  zinc  sulphides. 
As  already  stated,  these  relatively  higher  recoveries  were  probably 
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due  to  the  fact  that  the  material  had  been  crushed  wet  and  considr 
ably  finer  than  the  mill  feed  and  had  not  been  ]>enmtted  to  c.^ 
before  flotation.  All  products  were  obtained  direct  from  a  single  ^  I 
without  any  attempt  at  cleaning.  The  results  of  tests  giren  bd ' 
have  been  selected  from  a  number. 

Results  of  test  It. 
[Head  oontainad  Pb,  5. 8  per  cent;  Zn,  4. 6  per  cent;  Fe,  17. 8  per  cent.] 


Qxade  of  products 


Lead  concentrate. 
Zunc  concentrate. 
liiddUng.. ...'.... 
Tailing 


Assay  of  products. 


Pb. 


PercenL 

46.0 

5.9 

2.6 

.4 


Zn. 


PerunL 

10.0 

25.4 

2.8 

.1 


Fe. 


PeruMi, 

8.8 

15.7 

24.2 

19.5 


Pb. 


Percent. 

81.2 

13.0 

3.2 

4.7 


Percent. 
22.5 

4.6 
1-5 


Fr 


Flotation  agents. 


Sodaaah 

Charcoal 

Barrett  Co.  No.  2  coal-tar  creosote 

General  Naval  Stores  Co.  No.  5  s.  d.  pine  oil 

Copper  sulphate 

Pensacola  Tar  &  Turpentine  Co.  No.  350  crude  wood  pine  oil. 


T 
1^ 


Remarks. — ^The  first  four  flotation  agents  were  used  to  raise  the  leiid,  the  r 
sulphate  and  No.  350  oil  being  added  to  raise  the  zinc  blende  after  the  lead  conc^L' 
had  been  removed.    Without  the  copper  sulphate,  relatively  low  recoveries  k-" 
were  obtained.    The  grade  of  products  could  have  been  improved  by  cleaning,  li 
the  recoveries  of  both  the  lead  and  the  zinc  were  fair 


Results  of  test  U. 
[Head  contained  Pb,  5.8  per  cent;  Zn,  4.0  per  omt;  Fe,  17.8  per  oent.) 


Grade  of  products. 


Lead  concentrate. 
Zinc  concentrate. 

Middling 

Tailing 


Assay  of  products. 


Pb. 


Percent, 
60.5 
4.1 
2.0 
.15 


Zn. 


Percent. 
8.2 
24.2 
.8 
.05 


Fe. 


Percent, 

7.8 

10.5 

26.5 

19.2 


Pb. 


Perctmt, 

82.3 

10.6 

3.0 

1.7 


Per  cemi.    Fr 

IS.  8  I 

7&6  ' 

1.5 


Flotation  agents. 


Sodaaah 

Charcoal 

Barrett  Co.  No.  2  coal-tar  creosote 

General  Naval  Stores  Co.  No.  5  s.  d.  pine  oil 

Copper  sulphate 

Pemncola  Tar  <fc  Turpentine  Co.  No.  350  crude  wood  pine  oil 
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Remarhs.—'The  grade  of  the  lead  product  was  better  than  in  previous  tests,  probably 
>ecau8e  less  No.  5  pine  oil  was  used  than  in  test.  12.  The  recoveries  of  both  min- 
erals were  fairly  good  and  the  grade  of  zinc  product  could  have  been  improved  by 
urther  treatment  in  cleaner  cells.  The  soda  ash,  charcoal,  Barrett  No.  2,  and  G.  N.  S. 
^.  No.  5  were  used  to  raise  the  lead  sulphide,  whereas  the  copper  sulphate  and  No.  350 
dl  were  used  for  the  zinc  concentrate  and  middling. 

Results  of  test  IS, 
fHead  oontaizied  Pb,  5.8  per  cent;  Zn,  4.6  per  cent;  Fe,  17.8  per  cent.) 


Grade  of  products. 

Assay  of  prodiiets. 

Recoveries 

• 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

.<ead  conoentrate 

Percent, 

52.1 

5.3 

1.5 

.2 

Percent. 

9.3 

28.7 

1.1 

.2 

Percent. 

7.5 

14.8 

23.7 

20.0 

Percent. 

81.2 

11.7 

2.2 

2.4 

Percent. 

18.3 

79.8 

2.0 

3.0 

Percent. 
3.8 

line  concentrate 

10.6 

Oddling 

11.1 

^ailing.T 

78.0 

Flotation  agents. 

Pounds 
per  ton. 

iodaash 2.0 

Barrett  Co.  No.  2  coal-tar  creosote 4 

reneral  Naval  Stores  Co.  No.  6  s.  d.  pine  oil 05 

Copper  sulphate 1.0 

^ensacola  Tar  &  Turpentine  Co.  No.  350  crud  e  wood  pine  oil 2 

Remarks,^-TldB  test  was  practically  the  same  as  test  14  except  that  no  charcoal  was 
aed.  The  grade  of  lead  product  was  fair,  and  a  good  grade  of  zinc  product  could  have 
een  obtained  by  further  treatment  in  cleaner  cells.  The  recoveries  of  lead  and  zinc 
rere  fairly  good.  Comparing  this  test  with  test  14  {see  p.  18),  there  did  not  seem  to  be 
luch  difference  in  the  grade  of  products  with  or  without  the  addition  of  charcoal. 

Results  of  test  18. 
[Head  contained  Pb,  6.8  per  cent;  Zn,  4.6  per  oent;  Fe,  17.8  per  cent.] 


Grade  of  products. 


sad  cQDoentnto.. 

iddllng. 
aUiog... 


Assay  of  products. 


Pb. 


Percent 

64.7 

6.4 

1.8 

.4 


Zn. 


Percent 

8.1 

29.3 

1.0 

.1 


Fe. 


Percent. 

6.5 

13.4 

26.9 

19.2 


Recoveries. 


Pb. 


Percent. 

76.7 

14.1 

3.2 

4.7 


Zn. 


Percent 

14.3 

81.0 

2.8 

1.6 


Fe. 


Percent 
3.0 
0.6 
16.5 

78.6 


Flotation  agents. 


3da  ash. 


Pounds 
per  too. 

2.0 


arrettCo.  No.  2  coal-tar  creosote 4 

eneral  Naval  Stores  Co.  No.  5  s.  d.  pine  oil 1 

opper  sulphate 6 

nperial  fuel  oil 4 

enaaoola  Tar  &  Turpentiiie  Co.  No.  350  crude  wood  pine  ofl 1 
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Remarks,— Both,  products  from  this  test  were  of  fftirly  good  grade,  mlUwo^  % 
attempt  was  made  to  clean  them.  The  first  three  flotation  agents  were  used  lo  pr^ 
duce  the  lead  concentrate,  the  copper  sulphate  and  imperial  fuel  oil  being  ftdifj 
later  to  recover  the  zinc  sulphide.    Oil  No.  350  was  used  only  for  the  middling. 

Results  of  test  St. 
[Head  contained  Pb,  6.6  per  oent;  Zn,  43  per  cent;  Fe,  17^  per 


Grade  of  products. 


Lead  concentrate. 
Zinc  concentrate. 

Middling 

Tailing 


Assay  of  products. 


Pb. 


Pit  cent, 

tf.S 

4.8 

2.2 

.2 


Zn. 


PereenL 
8.7 
Sft.7 
.8 
.07 


Fe. 


PereenL 

6.6 

12.6 

240 

18.6 


Pb. 


Per  cent, 

84.3 

&1 

1.4 

2.8 


Zn. 


4 


2Ql7 

19.0 

.1 

1.2 


'"1 


Flotation  agents. 

Potash  alum 

Barrett  Co.  No.  2  coal-tar  creosote 

General  Naval  Stores  Co.  No.  5  s.  d.  pine  oil 

Copper  sulphate 

Pensacola  Tar  &  Turpentine  Co.  No.  350  crude  wood  pine  oil 

Remarks. — ^The  restdts  indicated  a  good  recovery  of  lead  and  a  fair  gnde  .i 
product.  The  zinc  product  was  of  higher  grade  than  previous  testa  showed,  prdJ 
because  of  the  alum  in  the  pulp.  Potash  alum  was  used  in  place  of  the  sods  ^ 
although  it  seemed  to  give  a  fairly  good  differential  selection  of  the  sulphides.  r>  i 
more  expensive  than  other  chemicals,  and  other  alums  did  not  produce  ^  -i 
results.  The  first  three  flotation  agents  were  used  to  float  the  lead  min^al  w  I 
copper  sulphate,  oil  No.  350  being  added  after  the  lead  concentrate  had  been  rem  -i 

Results  of  test  4S. 
[Head  contained  Pb,  6.5  per  oent;  Zn,  43  percent;  Fe,  17.5  perooat.! 


Grade  of  prodnots. 


ZinccQQo«ntiate... 
Tailing. 


Assay  of  prodnots. 


Pb. 


Percent. 

446 

6.4 

.6 


Zn. 


Percent, 

8.2 

26.8 

.1 


T9. 


Percent, 

9.0 

141 

19.6 


Fb. 


Per  mm. 

79.5 

14.6 

8.5 


1&.7 

7Bw4 

l.S 


FJ 


Pmi 


Flotation  agents. 


Soda  ash 

Barrett  Co.  No.  2  coal-tar  creosote 

Georgia  Pine  &  Turpentine  Co.  No.  194  crude  turpentine 

Copper  sulphate 

Remarks.-^Ml  of  the  flotation  agents  except  the  copper  sulphate  were  used  to  1 
the  lead  mineral.  Oil  No.  194  was  apparently  as  satisfactory  as  the  Genecal  N< 
Stores  Co.  No.  5  oil  used  in  other  tests.  The  copper  sulphate  was  the  only  floui 
agent  used  to  float  the  ainc  mineral  after  the  lead  conca&trale  had  been  remoM 
The  grade  of  the  products  was  fair  and  could  readily  have  been  impioved  by  ircatD 
in  cleaner  cells. 


COKXJB  D  AUSITE  LEAD-ZIKC  OBBS. 


19 


Bemarh, — ^The  grade  of  the  lead  product  was  better  than  in  previous  tests,  probably 
because  leas  No.  5  pine  oil  was  usbd  than  in  test  12.  The  recoveries  of  both  min- 
erels  were  fadrly  good  and  the  grade  of  sine  product  could  have  been  improved  by 
further  treatment  in  cleaner  cells.  The  soda  adi,  charcoal,  Barrett  No.  2,  and  G.  N.  S. 
Co.  No.  5  were  used  to  raise  the  lead  sulphide,  whereas  the  copper  sulphate  and  No.  350 
oil  wore  used  for  the  zinc  concentrate  and  middling. 

Rendu  of  test  16, 
fHead  oontalned  Pb,  6.8  per  cent;  Zn,  4.6  per  cent;  Fe,  17.8  per  cent.] 


OnulA  nf  nmtfnctJi. 

Aaay  of  prodiiets. 

Recoveries 

• 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

Lead  ooooe&trate 

Percent, 

62.1 

5.3 

1.5 

.2 

Percent. 

9.3 

28.7 

1.1 

.2 

Percent. 

7.6 

14.8 

23.7 

20.0 

Percent. 

81.2 

11.7 

2.2 

2.4 

Percent, 

18.3 

79.8 

2.0 

3.0 

Percent. 
8.8 

Zinc  concentrate 

10.6 

ytiM\hyp 

11.1 

TftfliiuF 

78.0 

Flotation  offerUs, 

Pounds 
per  ton. 

Sodaash 2.0 

Barrett  Go.  No.  2  coal-tar  creosote 4 

General  Naval  Stores  Co.  No.  5  s.  d.  pine  oil 05 

Qiipper  sulphate 1.0 

Pensacola  Tar  ft  TurpentineOo.  No.  350 crude  wood  pineoil 2 

Remarls. — This  test  was  practically  the  same  as  test  14  except  that  no  charcoal  was 
used.  The  grade  of  lead  product  was  iadx,  and  a  good  grade  of  zinc  product  could  have 
been  obtained  by  further  treatment  in  cleaner  cells.  The  recoveries  of  lead  and  zinc 
were  fairly  good .  Comparing  this  test  with  test  14  {see  p.  18),  there  did  not  seem  to  be 
much  difiterence  in  the  grade  of  products  with  or  without  the  addition  of  charcoal. 

Results  of  test  18, 
[Head  oontafaied  Pb,  5.8  per  cent;  Zn,  4.6  per  cent;  Fe,  17.8  per  cent.] 


Gnde  of  products. 

Aflsay  of  products. 

ReooverieB 

« 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

Lnd  CmOfntVStBaaaa  ....r.... 

Per  cent 

54.7 

6.4 

1.8 

.4 

PercetU. 

8.1 

20.3 

1.0 

.1 

Percent. 

6.5 

13.4 

26.9 

19.2 

Percent, 

76.7 

14.1 

3.2 

4.7 

PercenL 

14.8 

81.0 

2.8 

1.5 

PertenL 
3,0 

Zinc  ronnantniB 

0.6 

IfMiiiinif 

16.6 

Ttilfmr            

78.5 

'   'Hi' •".••••.•••....••••....•.••••.••••• 

Flotation  agents. 


Sodaadi. 


Pounds 
per  too. 

.      2.0 


Barrett  Co.  No.  2  coal-tar  creosote 4 

General  Naval  StoreB  Co.  No.  5  s.  d.  pine  oil 1 

Copper  sulphate 6 

Imperial  fuel  oil 4 

Peoflaooia  Tar  &  Turpentine  Oo.  No.  350  crude  wood  pine  oil 1 
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due  to  the  fact  that  the  material  had  been  crushed  wet  and  consider- 
ably finer  than  the  mill  feed  and  had  not  been  permitted  to  dry 
before  flotation.  All  products  were  obtained  direct  from  a  single  cell 
without  any  attempt  at  cleaning.  The  results  of  tests  given  below 
have  been  selected  from  a  number. 


Regults  of  test  It, 
[Head  oontainad  Pb,  5. 8  per  cent;  Zn,  4. 6  per  cent;  Fe,  17. 8  per  cent.] 


Qxade  of  products 


Lead  concentrate 
Zuno  concentrate 
Middling....:.... 
Tailing 


Assay  of  products. 


Pb. 


Percent. 

46.0 

5.0 

2.5 

.4 


Zn. 


Percent, 

10.0 

25.4 

2.8 

.1 


Fe. 


Percent. 

8.8 

15.7 

24.2 

19.5 


Recoveries. 


Pb. 


percent. 

81.2 

13.0 

3.2 

4.7 


Zn. 


Percent. 

22.5 

70.8 

4.6 

1.5 


Fe. 


Percent. 
5.1 
11.3 
10.2 

75.  ti 


Flotation  agents. 

Pounds 
per  ton. 

Soda  ash 2.0 

Charcoal 1.0 

Barrett  Co.  No.  2  coal-tar  creosote 4 

General  Naval  Stores  Co.  No.  5  s.  d.  pine  oil 1 

Copper  sulphate 1. 0 

Pensacola  Tar  <fc  Turpentine  Co.  No.  350  crude  wood  pine  oil I .  .*. 2 

Remarks. — ^The  first  four  flotation  agents  were  used  to  raise  the  lead,  the  copper 
sulphate  and  No.  350  oil  being  added  to  raise  the  zinc  blende  after  the  lead  concentrate 
had  been  removed.  Without  the  copper  sulphate,  relatively  low  recoveries  of  zinc 
were  obtained.  The  grade  of  products  could  have  been  improved  by  cleaning,  though 
the  recoveries  of  both  the  lead  and  the  zinc  were  fair 

ResulU  of  test  14. 
[Head  contained  Pb,  5.8  per  cent;  Zn,  4.6  per  cent;  Fe,  17.8  per  cent.] 


Grade  of  products. 

Assay  of  products. 

Recoyeries 

• 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

I^ead  concentrate 

Percent. 
50.5 
4.1 
2.0 
.15 

Percent. 
8.2 
24.2 
.8 
.05 

Percent. 

7.8 

16.5 

26.5 

19.2 

Percent. 

82.3 

10.5 

3.0 

1.7 

Percent. 

16.8 

78.6 

1.5 

.7 

Percent, 

4.1 

Zinc  concentrate 

13.8 

MlddlinK 

12.8 

TaiUne 

72.1 

Flotation  agents. 

Pounds 
per  ton. 

Soda  ash 2.0 

Charcoal 10 

Barrett  Co.  No.  2  coal-tar  creosote 4 

General  Naval  Stores  Oo.  No.  5  s.  d.  pine  oil 05 

Copper  sulphate 1«0 

Pensacola  Tar  &  Turpentine  Co.  No.  350  crude  wood  pine  oil 2 
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Remarks, — The  grade  of  the  lead  product  was  better  than  in  previous  tests,  probably 
because  less  No.  5  pine  oil  was  used  than  in  test  12.  The  recoveries  of  both  min- 
erals were  fairly  good  and  the  grade  of  zinc  product  could  have  been  improved  by 
furthtf  treatment  in  cleaner  cells.  The  soda  ash,  charcoal,  Barrett  No.  2,  and  G.  N.  8. 
Co.  No.  5  were  used  to  raise  the  lead  sulphide,  whereas  the  copper  sulphate  and  No.  360 
oil  were  used  for  the  zinc  concentrate  and  middling. 

RemUs  of  test  16. 
fHead  oantained  Pb,  6.8  per  cent;  Zn,  4.6  per  cent;  Fe,  17.8  per  oeoft.] 


Qnule  of  products. 


Lead  oonoeiitrate. 
Zinc  conoentrete . 
IfMdHwg 

Tailing 


Assay  of  prodnots. 


Pb. 


Percent. 

62.1 

6.3 

1.5 

.2 


Zn. 


Percent, 

0.3 

28.7 

1.1 

.2 


I^s. 


Percent. 

7.6 

14.8 

23.7 

20.0 


Recoveries. 


Pb. 


Percent. 

81.2 

11.7 

2.2 

2.4 


Zn. 


Per  cent, 

18.3 

70.8 

2.0 

8.0 


Fe. 


Percent. 

8.8 

10.6 

11.1 

78.0 


Flotation  agents, 

Foonds 
per  ton. 

Sodaash 2.0 

Barrett  C5o.  No.  2  coal-tar  creosote 4 

General  Naval  Stores  Co.  No.  5  s.  d.  pine  oil 05 

Copper  sulphate 1.0 

PensacolaTarft  Turpentine  Co.  No.  350 crude  wood  pineoil 2 

Remarks, — ^This  test  ¥ras  practically  the  same  as  test  14  except  that  no  charcoal  was 
used.  The  grade  of  lead  product  was  fair,  and  a  good  grade  of  zinc  product  could  have 
been  obtained  by  further  treatment  in  cleaner  cells.  The  recoveries  of  lead  and  zinc 
were  fairly  good.  Comparing  this  test  with  test  14  {see  p.  18),  there  did  not  seem  to  be 
much  difference  in  the  grade  of  products  with  or  without  the  addition  of  charcoal. 

Results  of  test  18. 
[Head  oantained  Pb,  6.8  per  cent;  Zn,  4.6  per  cent;  Fe,  17.8  per  cent.] 


Grade  of  products. 

Assay  of  products. 

Recoveries 

• 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

T/WMl  ^BWBHtrotB^..  •.•.•••..••••.••>..•.. 

PereenL 

64.7 

6.4 

1.8 

.4 

PereenL 

8.1 

29.8 

1.0 

.1 

Percent. 

6.6 

13.4 

26.9 
19.2 

PereenL 

76.7 

14.1 

3.2 

4.7 

PereenL 

14.8 

81.0 

2.8 

1.6 

PereenL 
8.0 

^fFWf  concflotniB 

9.6 

MMdiiitf 

16.6 

TVnitwr    

78.6 

•  ^mmmmm^,  ,,,,,,,,mm,,,,,,,,,,,,,,,  .......... 

Flotation  agents.  Poonds 

pertoB. 

Sodaash 2.0 

Barrett  Co.  No.  2  coal-tar  creosote 4 

General  Naval  StoreB  Co.  No.  5  s.  d.  pine  oil 1 

Copper  sulphate 5 

Imperial  fuel  oil 4 

PeDBBOola  Tar  d;  Turpentiiie  Co.  No.  350  crude  wood  pine  oil 1 


20 


FLOTATION  TESTS  OF  IDAHO  OBBS. 


Remarhs, — ^Both  products  from  thiB  test  were  of  fairly  good  grade,  althou^  no 
attempt  was  made  to  clean  them.  The  first  three  flotation  agents  were  used  to  pro- 
duce the  lead  concentrate,  the  copper  sulphate  and  imperial  fuel  oil  being  added 
later  to  recover  the  zinc  sulphide.    Oil  No.  350  was  used  only  for  the  middling. 

Results  of  test  St, 
[Head  contained  Pb,  5.5  per  cent;  Zn,  4.3  per  cent;  Fe,  17.6  per  cent.] 


Grade  of  products. 


Lead  concentrate. 
Zinc  concentrate. 

Middling 

Tailing 


Assay  of  products. 


Pb. 


Percent, 

4ft.8 

4.8 

2.2 

.2 


Zn. 


Percent. 

8.7 
86.7 
.8 
.07 


Fe. 


Percent, 

6.6 

12.5 

24.0 

18.6 


Recoveries. 


Pb. 


Percent, 

84.3 

8.1 

1.4 

2.8 


Zn. 


Percent 

20.7 

TO.0 

.7 

1.2 


Fo. 


PercenL 

8.9 

6.6 

4.8 

79.6 


Flotation  agents. 

Potash  alum 

Barrett  Co.  No.  2  coal-tar  creosote 

General  Naval  Stores  Co.  No.  5  s.  d.  pine  oil 

Copper  sulphate 

Pensacola  Tar  &  Turpentine  Co.  No.  350  crude  wood  pine  oil. 


Pounds, 
per  ton 

2.0 
.4 
.1 
.5 
.2 


Remarks. — ^The  results  indicated  a  good  recovery  of  lead  and  a  fair  grade  lead 
product.  The  zinc  product  was  of  higher  grade  than  previous  tests  showed,  probably 
because  of  the  alum  in  the  pulp.  Potaeih  alum  was  used  in  place  of  the  soda  ash; 
although  it  seemed  to  give  a  fairly  good  differential  selection  of  the  sulphides,  it  was 
more  expensive  than  other  chemicals,  and  other  alums  did  not  produce  as  good 
results.  The  first  three  flotation  agents  were  used  to  float  the  lead  mineral  and  the 
copper  sulphate,  oil  No.  350  being  added  after  the  lead  concentrate  had  been  removed. 

RemUsofts»t4S. 
[Head  contained  Pb,  5.5  per  cent;  Zn,  4.3  per  cent;  Fe,  17.5  per  cent.] 


Grade  of  prodnots. 


Lead  OGDoentrate. . 
Zinc  cooo«Dtxate. . . 
Tailing 


Assay  of  prodoots. 


Pb. 


Percent. 

44.6 

6.4 

.6 


Zn. 


Pereera, 

8.2 

26.8 

.1 


I^e. 


Pereeni, 

9.0 

14.1 

19.6 


Recoveries. 


Pb. 


Percent. 
79.5 
14.6 

8.5 


Zn. 


PereenL 
18.7 

78.4 
1.8 


re. 


6.0 
10.1 
8B.9 


Flotation  agents. 


Soda  ash 

Barrett  Co.  No.  2  coal-tar  creosote 

Georgia  Pine  &  Turpentine  Co.  No.  194  crude  turpentine. 
Copper  sulphate 


Pounds 
per  ton. 

2.0 
.4 
.2 
.5 


Remarks. — ^Ail  of  the  flotation  agents  except  the  copper  sulphate  were  used  to  raise 
the  lead  mineral.  Oil  No.  194  was  apparently  as  satisfactory  as  the  General  Naval 
Stores  Co.  No.  5  oil  used  in  other  tests.  The  copper  sulphate  was  the  only  flotatbn 
agent  used  to  float  the  zinc  mineral  after  the  lead  concentrate  had  been  removed. 
The  grade  of  the  products  was  fair  and  could  readily  have  been  improved  by  treatment 
in  cleaner  cells. 
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Re9uU$ofteH7g. 
[Bmd  oontafncd  Pb,  S.4  per  cent;  Zn,  4.3  per  oent;  Fe,  17.5  per  oent.l 


Grade  of  products. 

Aaaay  of  prodnots. 

Recoveries 

• 

Pb. 

Zn. 

• 

Fe. 

Pb. 

Zn. 

Fe. 

liCAd  omoflntrate 

Percent, 

46.8 

3.7 

1.7 

.2 

Percent, 
8.0 
28.3 
2.3 
.08 

Percent, 

8.2 

14.4 

23.2 

18.8 

Percent, 

76.7 

14.2 

2.6 

4.6 

Percent, 

10.6 

86.7 

2.6 

1.4 

Percent, 
2.7 

Kino  ooncflntrate 

10.7 

M  tddliiur 

6.6 

TaUim?. ......    

79.8 

Flotation  agents. 

Pounds 
per  ton. 

Sodaaah 2.0 

Mixture  (1  to  4)  of  cresylic  acid  and  alcohol 1.0 

Copper  sulph  ate 5 

Penaacola  Tar  &  Turpentiiie  Co.  No.  350  crude  wood  pine  oil 2 

Remarks.— The  mixture  of  cresylic  acid  and  alcohol  seemed  to  work  haily  well  with 
this  ore  in  effecting  a  good  lead  product.  The  zinc  concentrate  was  produced  by  the 
addition  of  the  copper  sulphate  and  0.05  pound  of  No.  350  oil,  the  rest  being  used 
for  the  middling.  The  grade  of  the  zinc  product  could,  no  doubt,  have  been  im- 
proved by  cleaning. 

.    Results  of  test  7S. 
[Head  contained  Pb,  3.4  per  cent:  Zn,  4.3  per  cent;  Fe,  17.6  per  cent.] 


Grade  of  products. 


Lead  concentrate 
Zinc  concentrate . 

Middling 

Tailing. 


Assay  of  products. 


Pb. 


Percent. 

48.1 

6.7 

2.9 

.4 


Zn. 


Percent, 
7.0 
38.1 
2.1 
.03 


Fe. 


Percent, 

7.6 

10.4 

26.6 

18.7 


Beooraries. 


Pb- 


Percent. 

70.3 

16.6 

6.8 

0.0 


Zn. 


Percent. 

0.1 

88.2 

3.0 

.6 


Fe. 


Percent. 

6.1 

5.9 

12.0 

82.4 


Flotation  agents. 

Pounds 
per  ton. 

Sodaaah 2.0 

Cresylic  acid 4 

Barrett  Co.  No.  2  coal-tar  creosote 4 

Copper  sulphate 5 

General  Naval  Stores  Co.  No.  5  s.  d.  pine  oil 1 

Remarks. — Soda  ash,  cresylic  acid,  and  Barrett  No.  2  oil  were  used  to  float  the  lead 
mineral.  The  copper  sulpliate  was  the  only  flotation  agent  added  to  produce  the 
zinc  concentrate  after  the  lead  concentrate  had  been  removed,  oil  No.  5  being  used 
for  the  middling.  Both  lead  and  zinc  products  were  good,  the  sine  recovered  in  the 
zinc  concentrate  being  especially  good. 
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ReguUa  of  U9t  76. 
[Head  oontained  Fb,  3.4  per  cent;  Zn,  4.3  per  cent;  Fe,  17  Ji  per  cent.] 


Grade  of  products. 


Lead  oonoeDtrate... . . 
Lead  oonoentrate  (2). 

Zinc  oonoentrate 

Middling 

Tailing 


Aaaay  of  products. 


Pb. 


PereaU. 

56.4 

24.3 

4.4 

3.8 

.2 


ZSL 


PereenL 

9.5 

19.1 

35.2 

.3 

.13 


Fa. 


Percent. 

6.0 

9.4 

11.3 

27.0 

19.2 


Recoveries. 


Pb. 


Percent. 

81.9 

10.0 

12.7 

6.6 

4.6 


Zn. 


Percent. 

8.2 

6.2 

81.2 

.4 

2.4 


Fe. 


Percent. 
1.0 

.7 
6.4 
9.1 

86.7 


Flotation  agents. 

Pounds 
per  ton. 

Soda  ash 2.0 

Mixture  (1  to  4)  of  cresylic  add  and  alcohol 1.0 

General  Naval  Stores  Co.  No.  5  s.  d.  pine  oil 2 

Copper  sulphate 1.0 

Pensacola  Tar  &  Turpentiiie  Co.  No.  350  crude  wood  pine  oil 2 

Remarks. — ^Lead  concentrate  (2)  could  have  been  either  returned  to  the  flotation 
feed  or  re-treated  separately.    This  test  was  run  with  4, 000  grams  of  ore. 

ResuUs  of  test  80. 
[Head  contained  Pb,  3.4  per  cent;  Zn,  4.3  per  cent;  Fe,  17 J>  per  cent.] 


Ofade  of  products. 


Lead  OGOoetttrate. 
Zinc  concentrate. 

Middling 

Tailing. 


Assay  of  products. 


Pb. 


Percent. 

44.0 

5.3 

4.0 

.4 


Zn. 


Percent. 

10.7 

40.8 

2.3 

.1 


Fe. 


Percent. 

6.1 

8.3 

23.4 

18.4 


Becoveries. 


Pb. 


Percent. 

66.7 

13.7 

9.4 

9.2 


Zn. 


Fe. 


Percent. 
12.8 
8S.4 

4.3 
L8 


Percent. 

1.8 

4.2 

10.8 

83.6 


Flotation  offetUs. 


Sodaaah. 


Pounds 
per  ton. 

2.0 


Barrett  Co.  No.  2  coal-tar  creosote 4 

General  Naval  Stores  Co.  No.  5  s.  d.  pine  oil 2 

Copper  carbonate 1.0 

Pensacola  Tar  it  Turpentine  Co.  No.  350  crude  wood  pine  oil 2 

Remarls.—SodtLadi,  Barrett  No.  2,  and  G.  N.  S.  Co.  No.  5  were  used  to  float  the  lead 
miiieml.  After  the  lead  concentrate  was  removed,  copper  carbonate  was  the  only 
flotation  agent  added  to  pnxluce  the  zinc  concentrate,  oil  No.  350  being  added  for  the 
middling.  The  results  indicated  that  copper  carbonate  can  be  used  in  the  presence 
of  soda  ash  to  replace  copper  sulphate  in  floating  the  zinc  mineral. 
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covciTTSioirs  fbom  tests  oir  obes  i  avd  i,  A. 

On  the  basis  of  the  experimental  work  done  on  ores  1  and  1,  A,  the 
following  conclusions  seem  justified: 

1.  A  complete  separation  of  the  galena  and  sphalerite  by  gravity 
or  by  differential  flotation  is  impossible,  because  of  the  intimate  asso- 
ciation of  the  sulphides  and  their  dissemination  through  the  gangue. 

2.  The  ore  must  be  crushed  to  100-mesh  size  to  effect  a  good  separa- 
tion of  the  lead  and  zinc  sulphide  minerals. 

3.  Lead  and  zinc  of  good  grade  and  satisfactory  recoveries  of  both 
minerals  can  be  obtained  by  differential  flotation  with  the  proper 
flotation  mixture,  especially  by  a  roughing  and  cleaning  system* 

4.  Soda  ash  seems  to  be  essential  in  effecting  a  lead  product  of 
good  grade  with  this  ore. 

5.  A  coal-tar  creosote,  cresylic  acid,  or  alcohol,  with  possibly  a 
small  amount  of  some  pine  oil  or  some  mixture  of  any  of  these  flota- 
tion agents,  seems  to  effect  a  good  grade  lead  product  in  the  presence 
of  soda  ash,  imder  the  proper  conditions. 

6.  This  ore  seems  to  be  amenable  to  treatment  by  the  Bradford 
SOa  process  in  effecting  a  separation  of  the  lead  and  zinc  sulphides. 

7.  Copper  sulphate  or  some  other  copper  compound,  such  as  copper 
carbonate  i^ee  test  80,  p.  22),  added  to  the  pidp  containing  soda  ash 
after  the  lead  concentrate  has  been  removed,  seems  to  give  the  best 
results  in  floating  the  zinc  mineral. 

8.  Water  glass  seems  to  increase  the  recovery  of  the  zinc  mineral, 
to  a  small  extent,  at  least. 

9.  Better  results  are  obtained  with  the  flotation  feed  than  with  the 
mill  feed,  especially  in  effecting  higher  recoveries  of  both  the  lead  and 
zinc  sulphides.  It  must  be  noted,  however,  that  these  higher  re- 
coveries are  probably  due,  in  part  at  least,  to  the  flotation  feed  having 
been  groimd  wet  and  considerably  finer  than  the  mill  feed. 

TESTUra  OBE  2  FOB  DIFFEBEITTIAL  FIOTATIOV. 

DESCRIPTION  OF  OBE. 

Ore  2  was  another  lead-zinc  ore  containing  a  relatively  high  per- 
centage of  zinc  blende,  with  galena  and  some  pyrite,  in  a  quartz- 
siderite  gangue.  Some  of  the  ore  is  more  or  less  coarsely  dissem- 
inated, indicating  the  possibiUty  of  gravity  concentration,  at  least 
on  tables,  but  the  sulphide  minerals  were  intimately  associated  in 
much  of  the  ore,  which  woidd  require  fine  grinding  to  liberate  them 
from  the  gangue  and  from  each  other.  The  zinc  blende,  or  sphalerite, 
was  reddish  brown,  quite  different  from  the  zinc  mineral  in  ore  1. 

Under  the  microscope  the  lead  sulphide  appeared  to  be  closely 
associated  with  quartz  and  occurred  as  inclusions  disseminated 
through  the  sphalerite.     The  photomicrograph  given  as  Plate  III,  A^ 
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shows  indnsions  of  galena  in  sphalerite  and  its'  occurrence  along  a 
small  fissure  or  quartz  vein  in  the  sphalerite.  Examination  of  a  pol- 
ished section  of  a  briquette  of  sealing  wax  and  flotation  tailing  from 
this  ore  under  relatively  high-power  ocular  and  objective  showed 
that,  although  the  lead  and  zinc  minerals  had  been  largely  freed  or 
separated  from  each  other,  a  number  of  grains  of  sphalerite  contained 
inclusions  of  galena,  as  is  clearly  brought  out  in  Plate  11,  B,  a  photo- 
micrograph of  one  of  these  grains.  This  grain  or  mineral  particle 
would  probably  pass  a  ISO-mesh  screen. 

Another  mineral  particle  of  sphalerite  with  inclusions  of  galena  is 
shown  in  Plate  II,  O,  a  photomicrograph  illustrating  further  the  im- 
practicability of  attaining  a  complete  separation  of  the  two  minerals 
by  crushing  them  to  this  size.  Plate  II,  Z>,  is  a  photomicrograph  of 
a  grain  or  particle  of  galena  including  a  smaller  particle  of  sphalerite. 
This  relation  is  exceptional  but  illustrates  the  possibilities  of  mineral 
combination  in  a  complex  ore. 

The  following  analysis  will  give  some  idea  of  the  chemical  compo- 
sition of  this  ore: 

Chemical  UTMlysis  of  ore  2. 


Pb. 
Zn. 

Fe. 
Cu. 
8.. 


Per  cent. 
8.0 

24.4 
7.0 
Tr. 

15.3 


CaO.. 
MgO.. 
SiOj.. 
AljO, 


Per  cent. 

1.03 

.25 

30.8 

.     12.69 


SCREEN  ANALYSIS  OF  ORE  2. 


The  ore  was  crushed,  by  a  small  Blals^e  crusher,  to  about  }-inch 
size  or  less  and  a  sample  taken  for  screen  analysis.  The  screen  anal- 
ysis and  the  results  of  examination  of  the  screen  products  are  as 
follows: 


GOEUB  D  ALENE  LEAD-ZING  ORBS. 

Table  b.^-Sereenandlyaisoforei. 
[Head  contained  Fb,  7 ^et  oent;  Zn,  12^et  cent;  Fe,  6.1  per  cent.] 
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Sixe  of  screen  opening. 

Weights. 

Assays  (percent). 

Per  cent  of  total 
head  content. 

Cumulative  per 

cent  of  total  head 

content. 

Cumu- 

Mesh. 

MUU- 
meters. 

Inches. 

Per 

oent. 

lative 

per 

oent. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

On 8 

2.362 
1.061 
1.168 

0.098 
.066 
.046 

10 

9.0 
10.0 

"io.o* 

5.6 
6.5 

3.8 
8.9 

6.9 
6.2 

7.1 
9.3 

2.6 
6.9 

8.7 
10.1 

14 

10.3 

9.5 

18.8 

20 

.833 

.0328 

12.7 

31.7 

6.0 

11.1 

6.1 

10.8 

10.9 

12.0 

27.2 

20.6 

31.4 

28 

.580 

.0232 

12.1 

43.8 

5.7 

13.5 

6.3 

9.8 

12.6 

12.4 

37.0 

33.0 

43.8 

35 

.417 

.0164 

10.5 

54.3 

6.1 

15.7 

6.6 

9.1 

12.8 

11.3 

46.1 

45.8 

65.1 

48 

.295 

.0116 

8.1 

62.4 

5.0 

17.0 

6.3 

0.8 

10.6 

8.3 

52.9 

56.4 

63.4 

65 

.206 

.0062 

6.8 

69.2 

6.2 

17.3 

6.1 

6.0 

9.1 

0.7 

58.9 

65.5 

70.1 

100 

.147 

.0068 

6.1 

75.3 

6.4 

18.1 

6.5 

5.6 

8.5 

0.4 

64.5 

74.0 

76.5 

160 

.104 

.0041 

4.8 

80.1 

7.0 

19.8 

6.4 

4.8 

7.3 

6.1 

69.3 

81.3 

81.6 

200 

.074 

.0029 

1.2 

81.3 

7.6 

19.5 

6.8 

1.3 

1.8 

1.3 

70.6 

83.1 

82.9 

Through..  200 

.074 

.0029 

18.3 

100.0 

10.6 

13.9 

6.4 

27.7 

19.7 

19.2 

98.3 

102.8 

102.1 

Loss  or  error  by 

+.4 

+1.7 

-2.8 

-2.1 

••••.••• 

Ttotal 

100.0 

100.0 

100.0 

EXAMINATION  OF  SCBEEN   PRODUCTS. 

Products  on  8  to  £0  mesh  screens. — ^When  these  screen  products  were 
examined  it  was  noted  that  most  of  the  minerals  appeared  to  be  me- 
chanically combined,  although  some  free  sphalerite  could  be  seen. 
The  presence  of  free  zinc  mineral  was  probably  due  to  the  relatively 
high  content  of  sphalerite. 

Product  on  28-mesh  screen, — ^This  screen  product  contained  some 
free  zinc  blende.  The  galena  and  pyrite  were  combined  with  the  zinc 
mineral  and  with  the  gangue. 

Product  on  SS-mesh  screen. — ^In  this  product  there  appeared  to  be 
considerably  more  free  sphalerite  and  some  free  quartz.  Some  free 
galena  could  be  seen. 

Products  on  48  and  66  mesh  screens. — Much  clean  zinc  mineral  and 
quartz  could  be  seen,  with  some  free  galena,  although  most  of  the 
galena  and  pyrite  were  mechanically  combined  with  the  zinc  and 
quartz  or  with  each  other. 

Product  on  lOO-^nesh  screen. — Most  of  the  sphalerite  and  quartz 
appeared  to  be  free,  although  a  small  amount  of  the  zinc  mineral  was 
mechanically  combined  with  galena. 

Product  on  ISO-mesh  screen. — ^Nearly  all  of  the  minerals,  such  as 
sphalerite,  galena,  pyrite,  and  quartz,  appeared  to  be  free,  although 
some  included  particles  of  galena  and  sphalerite  were  no  doubt 
present,  as  indicated  by  the  photomicrographs.  A  few  particles  of 
galena  combined  with  pyrite  could  also  be  seen. 
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Products  on  and  through  iOO-mtesh  screen. — These  screen  products 
were  similar  to  that  on  the  150-mesh  screen,  but  considerably  more 
pyrite  and  some  chalcopyrite  seemed  to  be  present. 

Examination  of  these  screen  products  indicated  it  woidd  be  advis> 
able  to  crush  or  grind  the  material  to  pass  a  lOO-mesh  screen  in  order 
to  liberate  most  of  the  minerals.  In  all  the  tests  with  this  ore, 
therefore,  it  was  ground  so  that  practically  all  would  pass  a  lOO-mesh 
screen.  A  screen  analysis  of  the  material  used  for  flotation  is  as 
f oflows : 

Table  6. — Screen  analytis  of  ore  2  for  flotation  testing. 
[Head  contained  Pb,  7  per  cent;  Zn,  12.3  per  cent;  Fe,  5.6  per  cent.] 


Size  of  screen  opening. 

Weights. 

Assays  (per  cent). 

Per  cent  of  total 
head  content. 

Cmnulatiye  per 

cent  of  total  head 

content. 

Mesh. 

MlUi- 
meters. 

Inches. 

Per 
cent. 

Cumn- 

lative 

per 

cent. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Pe. 

Pb. 

Zn. 

Fe. 

On 100 

0.147 
.104 
.074 
.074 

0.0058 
.0041 
.0029 
.0029 

5.6 

16.0 

4.2 

73.8 

+.4 

""2i'6' 
25.8 
99.6 

6.6 
6.3 
6.3 
7.7 

16.2 
15.2 
15.3 
11.4 

6.7 
6.1 
6.2 
5.6 

5.1 
14.3 

3.7 
81.1 

-4.2 

7.3 
19.7 

5.2 
68.3 

-0.5 

6.8 
17.5 

4.6 
73.6 

-2.4 

150 

200 

Through..  200 

Loss  or  error  by 

fiiiTfmmnA  . 

19.4 

23.1 

104.2 

27.0 

32.2 

100.5 

24.3 

28.0 

102.4 

' 

Total 

100.0 

100.0 

100.0 

100.0 

The  screen  analysis  shows  that  about  75  per  cent  of  the  material 
crushed  for  flotation  testing  passed  the  200-mesh  screen  and  that 
about  80  per  cent  of  the  lead  value  and  nearly  70  per  cent  of  the 
zinc  value  was  contained  in  the  200-mesh  product. 

BBSULTS  OF  FIXXTATION  TESTS. 

When  this  ore  was  tested  for  differential  flotation  obtaining 
a  high-grade  lead  product,  a  high  recovery  of  the  lead  mineral  was  at 
first  difficult  because  of  the  relatively  high  zinc  content.  With  the 
proper  flotation  agents,  however,  it  was  later  possible  to  obtain  fairly 
satisfactory  results,  with  good-grade  products  and  excellent  recoveries 
of  both  lead  and  zinc.  Some  results  of  the  tests  included  here  will 
indicate  the  possibilities  in  the  treatment  of  this  ore  by  differential 
flotation.  It  is,  therefore,  believed  that  the  lead  and  zinc  minerals 
in  this  ore  could  be  separated  commercially  by  flotation  on  a  large 
scale.  The  following  results  of  the  tests  have  been  selected  from  a 
number;  no  attempt  was  made  to  clean  the  products. 


GOEUB  D  ALBNE  LEAD-ZINC  ORES. 

ReauUa  of  test  104. 
[Head  contained  Pb,  8  per  cent;  Zn,  34.4  per  cent;  Fe,  7  per  cent.) 
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Grade  of  product. 

Assay  of  product. 

Recoveries. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

Ti^ftfl  nancflnt-ratfl,  , 

Percent. 

67.4 

Percent, 

9.0 

Percent. 
3.0 

Percent. 
41.3 

Percent. 
2.1 

Percent. 

2.6 

Flotation  agent. 


Pounds 
per  ton. 

.  0.13 


Eugenol 

Remarks. — ^Eugenol  seemed  to  give  a  fair  lead  product,  but  was  too  expensive  for 

commercial  use.    Guaiacol  gives  similar  results  and,  although  cheaper,  is  also  too 

expensive. 

Re9uUso/test527. 

[Head  contained  Pb,  9  per  cent;  Zn,  19  per  cent;  Fe,  7.2  per  cent.) 


Grade  of  product. 

• 

Assay  of  product. 

] 

Recoveries. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

Lead  concentrate 

Percent. 
52.5 

Percent. 
8.7 

Percent. 
6.6 

Percent. 
79.3 

Percent. 
6.2 

Percent. 
10.6 

FlotcUion  agents. 

Pounds 
per  ton. 

Sodium  phosphate 20. 0 

Pensacola  Tar  &  Turpentine  Co.  No.  400  wood  creosote  oil 1 

Potassium  acid  sulphate 20. 0 

Remarks. — Both  the  grade  of  the  lead  product  and  the  recovery  of  lead  were  fair. 
The  flotation  agents  were  too  expensive  for  commercial  use,  especially  when  in  the 
laige  quantities  that  would  be  needed. 

Results  of  test  528, 
[Head  contained  Pb,  9  per  cent;  Zn,  19  per  cent;  Fe,  7.2  per  cent.) 


Grade  of  product. 

Assay  of  product. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

I«ead  concentrate . . . . . , 

Percent. 
64.6 

Per  cent. 
&5 

Percent. 
3.1 

Percent. 
(B.4 

Percent. 
3.9 

Percent. 
8.7 

Flotation  agents. 


Pounds 
per  ton. 

20 
20 


Sodium  phosphate 

Sodium  thiosulphate 

Remarks.^The  lead  product  was  of  fair  grade,  but  the  recovery  of  lead  was 
relatively  low.  The  froth  was  thin  but  heavily  mineralized.  The  cost  of  the  flotation 
agents  was  high,  but  results  showed  a  fair  di£ferential  separation  ol  the  galena  from  the 
zinc  blende  and  the  possibility  ol  flotation  without  oil. 
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FLOTATION  TESTS  OF  IDAHO  OBES. 

Regultto/testSSt. 
[Head  oontalned  Pb,  9  per  cent;  Zn,  19  per  cent;  Fe,  7.3  per  oeni.) 


Oiade  of  prodncts. 

Aflsay  of  prodncts. 

Heooveries. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

Leadcoooentrate.- 

PereetU. 
3.4 

Percent. 
9.2 

aafi 

Percent, 

3.8 
7.8 

Percent. 
1fk7 
33.4 

Percent. 

&.5 

9!L4 

Percent. 
6L0 

TMiIni?.. 

9&8 

Flotation  agents.  Poonds 

perton. 

Sodium  phosphate 20. 0 

Sodium  thiosulphate 20. 0 

Mixture  of  4  parte  wood  alcohol  and  1  part  coal-tar  creosote 5 

Remarks. — ^Except  for  the  addition  of  the  oil  mixture,  this  was  run  the  same  as 
test  328.  As  the  results  show,  the  oil  mixture  increased  the  recovery  of  lead  but 
lowered  the  grade  of  the  product.  As  in  test  528,  the  chemical  reagents  were  too 
expensive  for  commercial  use. 

RegulUoftesiSSS. 

[Head  contained  Pb,  9  per  cent;  Zn,  19  per  cent;  Fe,  7.2  per  cent.) 


Grade  of  product. 

Assay  of  product. 

Recoveries. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

Percent. 
43.2 

Percent. 
14.9 

Percent. 
5.0 

Percent. 

76.8 

Percent. 
12.5 

Percent. 
11  1 

Flotation  agents. 

Pounds 
per  too. 

Sodium  phosphate 2. 0 

Sodium  thiosulphate , 2. 0 

Pensacola  Tar  &  Turpentine  Co.  No.  400  wood  creosote  oil 1 

Bemarhs.—HhQ  same  chemical  reagents  were  used  as  in  the  two  preceding  tests,  No8. 
528  and  532,  but  the  quantity  was  much  leas.  Results  indicated  that  the  smaller  quan- 
tity of  the  reagents  permitted  more  zinc  to  be  floated  and  therefore  lowered  the  grade 
of  the  product.  On  the  other  hand,  oil  No.  400  seemed  to  increase  the  recovery  of 
both  the  lead  and  the  zinc,  and  its  presence  might  counteract  or  modify  somewhat 
the  selective  action  of  the  reagents. 

Results  of  test  M7 , 
[Head  contained  Pb,  7  per  cent;  Zn,  12.9  per  cent;  Fe,  6.1  per  cent.] 


Qiade  of  product. 

Assay  of  product. 

Recoveries. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

Lead  oonoentrate .......r-rx^.^^^-.T- 

Percent. 
59.7 

Percent. 

6.7 

Percent. 
2.0 

Percent. 
78.5 

Percent. 

4.8 

Percent. 
3.0 

CX)£UB  D  ALBNE  LEAD-ZINC  OBES. 


Flotation  agents. 


Sodium  phosphate . . . 
Sodium  thioBulphate. 
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Founds 
per  ton. 

10 

10 


Remarks. — In  this  test  the  feed  differed  from  that  in  previous  tests,  the  lead  and 

zinc  content  being  lower.    The  results  indicated  a  product  of  good  grade  and  a  good 

recovery  of  lead. 

Restdts  of  teat  554. 

[Head  contained  Pb,  7  p€r  cent;  Zn,  12.9  per  cent;  Fe,  6.1  per  cent.] 


Qnide  of  products. 

Assay  of  productH. 

Recoveries. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

Lead  oonoentrate 

Percent. 

42.2 

7.3 

.8 

Per  cent. 

8.0 

34.7 

2.9 

Percent. 
4.8 
9.6 
4.9 

Percent. 

66.4 

31.0 

6.7 

Percent. 
68.0 
80.0 
13.1 

Percent. 

8.6 

Zinc  concentrate 

46.7 

TaiUne. 

47.0 

Flotation  agents. 

Pounds 
per  ton. 

Water  glass  (40*»B.) 10.0 

Banett  No.  2  coal-tar  creosote 2 

Pensacola  Tar  &  Turpentine  Co.  No.  400  wood  creosote  oil 1 

Sulphuric  add 5. 0 

Pensacola  Tar  &  Turpentine  Co.  No.  360  crude  wood  pine  oil 4 

Remarks. — ^The  grade  of  both  concentrates  was  fair,  considering  that  they  were 
rougher  products.  Cleaning  would  probably  improve  the  grade  considerably.  The 
recovery  of  lead  was  somewhat  low  but  the  zinc  recovery  fairly  good.  Undoubtedly 
the  quantities  of  flotation  agents  could  be  reduced  in  practice.  The  water  glass  and 
Barrett  No.  2  oil  were  used  to  float  the  lead;  the  other  flotation  agents,  the  zinc. 

Results  of  test  56S. 
[Head  contained  Pb,  7  per  cent;  Zn,  12.0  per  cent;  Fe,  6.1  per  cent.] 


Grade  of  products. 

Assay  of  products. 

Recoveries 

• 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

Lead  concentrate 

Percent. 

47.5 

5.0 

2.7 

.5 

Percent. 

9.3 

37.3 

8.4 

.3 

Per  cent. 
4.0 
7.7 
8.0 
5.4 

Percera. 

76.0 

21.6 

2.3 

3.7 

Percent. 

8.1 

87.3 

3.9 

1.2 

Per  cent. 
7.4 

Zine  concentfatfl 

38.1 

Middling 

8.0 

Tailing.T 

46.3 

Flotation  agents. 

Pounds 
per  ton. 

Soda  ash 5.0 

Barrett  Co.  No.  2  coal-tar  creosote 4 

Water  glaes  (40^  B.) 10.0 

Copper  sulphate 2. 0 

Pensacola  Tar  &  Turpentine  Co.  No.  350  crude  wood  pine  oil 4 

23670^—21 3 
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Remarks. — ^The  recoveriee  of  both  lead  and  zinc  were  better  than  in  the  preceding 
test,  No.  554.  The  grades  of  the  rougher  products  could  have  been  improved  by  clean- 
ing. Soda  ash  and  oil  No.  2  were  employed  to  float  the  lead,  the  other  flotation 
agents  being  added  after  the  lead  concentrate  had  been  removed. 

Results  of  test  566, 
[Head  oontaliied  Pb,  7  per  cent;  Zn,  12.9  per  cent;  Fe,  6.1  per  cent.] 


Grade  of  products. 


Lead  oonoentrate 
Zinc  concentrate . 

Middling 

Talliiig 


Assay  of  products. 

] 

Recoveries. 

Pb. 

Zn. 

Pe. 

Pb. 

Zn. 

Percent. 

Per  cent. 

PereetU. 

Percent. 

Percent. 

53.5 

5.1 

6.3 

76.7 

3.0 

4.6 

40.2 

8.5 

17.7 

84.1 

1.9 

5.7 

8.5 

3.2 

5.2 

.2 

1.4 

4.7 

1.4 

5.5 

Fe. 


Percent. 
10.3 
37.6 
16.4 
39.0 


Flotation  agents. 

Pounds 
per  ton. 

Soda  ash 5.0 

Water  glass  (40^  B.) 20.0 

Barrett  Co.  No.  2  coal-tar  creosote 4 

Pensacola  Tar  &  Turpentine  Co.  No.  400  wood  creosote  oil 1 

Copper  sulphate 1. 0 

Pensacola  Tar  &  Turpentine  Co.  No.  350  crude  wood  pine  oil 2 

Remarks. — ^The  grade  of  products  and  recoveries  was  good.  The  soda  ash,  Barrett 
No.  2  oil,  Pensacola  Tar  &  Turpentine  Co.  No.  400,  and  half  of  the  quantity  of  water 
glass  given  above  were  used  to  float  the  lead  sulphide,  the  remainder  being  added  to 
float  the  sdnc  mineral  after  the  lead  concentrate  had  been  removed.  The  quantities 
of  the  flotation  agents  would  have  to  be  cut  down  in  practice. 

Results  of  test  567. 
[Head  contained  Pb,  7  per  cent;  Zn,  12.9  per  cent;  Fe,  6.1  per  cent.] 


Grade  of  products. 


Lead  concentrate 
Zinc  oonoentrate. 

Middling 

Tailing 


Assay  of  products. 

1 

Recoveries. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Per  cent. 

Percent. 

Percent. 

Percent. 

Percent. 

59.3 

6.5 

3.9 

72.9 

4.3 

4.8 

39.2 

8.5 

20.3 

90.1 

.7 

1.4 

9.3 

1.1 

1.2 

1.2 

.2 

4.3 

8.7 

.8 

Fe. 


Percent. 

5.5 

41.2 

16.8 

35.7 


Flotatum  agents. 

Ponnds 
per  ton. 

Soda  ash 10.0 

Barrett  Co.  No.  2  coal-tar  creosote 1. 0 

Pensacola  Tar  &  Turpentine  Co.  No.  400  wood  creosote  oil 1 

Copper  sulphate 1. 0 

Water  glass  (40^  B.) 10.0 

General  Naval  Stores  Co.  No.  6  s.  d.  pine  oil 1 

Pensacola  Tar  <&  Turpentine  Co.  No.  350  crude  wood  pine  oil 2 
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Remarks, — The  recoveries  of  both  lead  and  zinc  were  better  than  in  the  preceding 
test,  No.  554.  The  grades  of  the  rougher  products  could  have  been  improved  by  clean- 
ing. Soda  ash  and  oil  No.  2  were  employed  to  float  the  lead,  the  other  flotation 
agents  being  added  after  the  lead  concentrate  had  been  removed. 

Resvdtso/testsee. 
[Head  contained  Fb,  7  per  cent;  Zn,  12.9  per  cent;  Fe,  6.1  per  cent.] 


Orade  of  products. 

Assay  of  products. 

Recoveries 

• 

Pb. 

Zn. 

Pe. 

Pb. 

Zn. 

Fe. 

Lead  cx>noentrate 

Percent. 

53.5 

4.6 

1.9 

.2 

Percent. 

5.1 

40.2 

5.7 

1.4 

Percent. 
6.3 
8.5 
8.5 
4.7 

Percent. 

76.7 

17.7 

3.2 

1.4 

Percent. 

3.9 

84.1 

5.2 

5.5 

Percent. 
10.3 

Zinc  concentrate 

37.6 

Middling 

16.4 

Tailiiig 

39.0 

Flotation  agents. 

Pounds 
inr  ton. 

Soda  ash 5.0 

Water  glass  (40°  B.) 20.0 

Barrett  CJo.  No.  2  coal-tar  creosote 4 

Pensacola  Tar  &  Turpentine  Co.  No.  400  wood  creosote  oil 1 

Copper  sulphate 1-0 

Pensacola  Tar  &  Turpentine  Co.  No.  350  crude  wood  pine  oil 2 

Remarks. — ^The  grade  of  products  and  recoveries  was  good.    The  soda  ash,  Barrett 

No.  2  oil|  Pensacola  Tar  &  Turpentine  Co.  No.  400,  and  half  of  the  quantity  of  water 

glass  given  above  were  used  to  float  the  lead  sulphide,  the  remainder  being  added  to 

float  the  zinc  mineral  after  the  lead  concentrate  had  been  removed.    The  quantities 

of  the  flotation  agents  would  have  to  be  cut  down  in  practice. 

Results  of  test  567. 
[Head  contained  Pb,  7  per  cent;  Zn,  12.0  per  cent;  Fe,  6.1  per  cent.] 


Grade  of  products. 

Assay  of  products. 

Recoveries 

• 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

Lead  concentrate 

Per  cent. 

59.3 

4.8 

.7 

1.2 

Percent. 

6.5 

39.2 

1.4 

.2 

PercerU. 
3.9 
8.5 
9.3 
4.3 

Percent. 

72.9 

20.3 

1.1 

8.7 

PercerU. 

4.3 

90.1 

1.2 

.8 

Percent. 
5.5 

7Anp.  AnnmntrntA  _ 

41.2 

Middlins 

16.8 

Tailine    

35.7 

Flotatum  agents. 

Poozids 
per  ton. 

Soda  ash 10.0 

Barrett  Co.  No.  2  coal-tar  creosote 1. 0 

Pensacola  Tar  &  Turpentine  Co.  No.  400  wood  creosote  oil 1 

Copper  sulphate 1-0 

Water  glass  (40°  B.) 10.0 

General  Naval  Stores  Co.  No.  6  s.  d.  pine  oil 1 

Pensacola  Tar  &  Turpentine  Co.  No.  350  crude  wood  pine  oil 2 
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Remarks, — The  grade  of  products  and  the  zinc  recovery  were  good,  but  a  better 
grade  could  have  been  obtained  readily  by  cleaning.  The  soda  ash  and  oils  No.  2  and 
No.  400  were  used  to  float  the  galena,  the  other  flotation  agents  being  added  to  float 
the  zinc. 

TESTDTO  OBE  3  FOB  DIFFEBEVTIAL  FLOTATION. 

DBSCBIPTIOK  OF  OBB. 

Ore  3  was  a  lead-zinc  ore  containing  galena  and  sphalerite,  with  a 
little  pyritC;  in  a  quartzite-siderite  gangue.  The  lead  and  zinc 
minerals  were  quite  intimately  associated  and  rather  finely  dissem- 
inated throughout  the  gangue.  The  zinc  blende  was  reddish- brown, 
similar  in  color  to  that  in  ore  2. 

Examination  of  polished  sections  under  the  microscope  showed  an 
association  of  galena  and  sphalerite  typical  of  the  occurrence  of  these 
two  minerals  in  the  complex  ores  of  lead  and  zinc.  The  interlocking 
grains,  shown  in  the  photomicrograph,  Plate  III,  B  (p.  25),  were  so 
small  and  the  distribution  of  the  lead  and  zinc  so  uniform  that  their 
complete  separation  by  crushing  would  be  very  difficult  and  often 
practically  impossible.  The  photomicrograph,  Plate  IV,  A,  ^ows 
galena  in  fractures  and  interstices  in  the  sphalerite. 

Examination  of  the  grains  of  lead  and  zinc  sulphides  in  a  briquette 
of  sealing  wax  and  crushed  ore  showed^  that  although  much  of  the 
galena  and  sphalerite  had  been  freed  or  separated  by  the  crushing, 
an  appreciable  amount  of  the  intimately  associated  galena  and 
sphalerite  had  not  been  separated  by  this  treatment.  Plates  IV  and 
V  illustrate  clearly  the  intimate  association  of  the  minerals  in  the 
briquetted  crushed  sidphides.  Plates  IV,  B,  and  V,  A,  photomi- 
crographs of  48  and  65  mesh  particles,  show  the  close  association  of 
the  galena  and  zinc  blende.  Plate  V,  B,  a  photomicrograph  of  a 
grain  of  zinc  blende  of  probably  the  maximum  size  that  would  pass 
through  a  100-mesh  screen,  shows  clearly  to  what  extent  the  dissem- 
inated galena  occurs  in  the  crushed  material.  Another  sample  of 
the  same  ore  examined  after  crushing  to  pass  a  100-mesh  screen  re- 
vealed the  same  conditions  as  described  above.  The  included  galena 
in  the  blende  is  shovni  in  Plate  V,  C,  a  photomicrograph  of  the  same 
magnification  as  Plate  V,  B,  but  of  a  grain  of  considerably  smaller 
size. 
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FLOTATION  TESTS  OF  IDAHO  ORBS. 


This  ore  contained  relatively  high  values  in  zinc,  as  clearly  indi- 
cated by  the  following  chemical  analyses  of  three  different  lots: 

Chemical  analyses  of  ore  3. 


Constituents. 


Pb.. 

Zn.. 

Fe... 

Ca.. 

S.... 

CaO. 

MeO. 

8iO|. 

AltOs 


Lotl. 

Lot  2. 

Percent. 

Percent 

4.91 

9.56 

18.68 

13.94 

5.04 

4.35 

Tr. 

Tr. 

10.41 

9.28 

1.67 

9.9 

.92 

.37 

47.74 

44.03 

9.96 

8.27 

Lots. 


Percent 
4.54 

19.26 

4.35 

Tt. 

U.11 
3.49 
3.43 

47.17 
9.65 


SCREEN   ANALYSIS   OF   ORE    NO.    3. 

A  screen  analysis  was  made  of  a  sample  of  this  ore  after  going 
through  a  Blake  crusher  and  a  set  of  rolls,  the  coarsest  particles 
beuig  about  one-fourth  inch  in  diameter.  The  screen  products  were 
examined  to  ascertain  the  size  to  which  it  would  be  necessary  to 
crush  the  ore  for  flotation  testing.  The  screen  analysis  and  exami- 
nation of  the  screen  products  follow: 

Table  7. —Screen  analysis  afore  S. 
[Head  contained  Pb,  5.8  per  cent;  Zn,  11.1  per  cent;  Fe,  4.3  per  oent.]     ' 


Slceol 

[screen  opening. 

Weights. 

Assays  (per  cent). 

Per  cent  of  total 
head  content. 

Cumulative  per 

oent  of  total  h«ad 

content. 

Cmnu- 

Mesh. 

miii- 

meters. 

Inches. 

Per 

cent. 

lative 

per 

cent. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

On 

.    4 
8 

4.009 
2.362 

0.185 
.093 

13.0 
18.2 

'si.' 2 

2.5 
4.1 

6.6 
6.8 

4.7 
4.3 

5.5 
12.9 

7.7 
11.2 

14.2 
18.1 

- 

18.4 

18.9 

32.3 

10 

1.651 

.065 

9.2 

40.4 

4.9 

10.1 

4.7 

7.7 

8.4 

10.0 

26.1 

27.3 

42.3 

14 

1.168 

.046 

7.7 

48.1 

5.4 

12.8 

4.6 

7.2 

8.8 

8.1 

33.3 

36.1 

50.4 

20 

.833 

.0328 

6.5 

64.6 

5.7 

14.0 

4.4 

6.4 

8.2 

6.7 

39.7 

44.3 

57.1 

28 

.589 

.0232 

5.9 

60.5 

5.9 

14.6 

4.7 

6.0 

7.7 

6.6 

46.7 

£2.0 

63.6 

35 

.417 

.0164 

5.0 

65.5 

5.7 

15.6 

4.5 

4.8 

7.1 

6.1 

50.5 

50.1 

68.7 

48 

.295 

.0116 

4.2 

69.7 

6.3 

15.9 

4.5 

4.5 

6.0 

4.4 

55.0 

65.1 

73.1 

65 

.208 

.0082 

4.7 

74.4 

7.2 

17.2 

4.8 

5.9 

7.3 

6.1 

60.9 

72.4 

78.2 

100 

.147 

.0058 

4.1 

78.5 

7.2 

16.2 

5.1 

5.2 

5.0 

4.0 

66.1 

78.3 

83.1 

150 

.104 

.0041 

5.4 

83.9 

7.7 

15.7 

4.5 

7.2 

7.6 

5.6 

73.3 

85.9 

88.7 

200 

.074 

.0029 

2.6 

86.5 

9.0 

15.5 

4.5 

4.0 

3.6 

2.8 

n.3 

89.6 

01.5 

Through... 

200 

.074 

.0029 

13.2 

99.7 

9.8 

13.1 

4.0 

22.2 

15.5 

12.3 

99.5 

105.0 

108.8 

Loss  and  error 

by  difference. . 

+0.3 

+0.5 

-5.0 

-3.8 

Total 

100.0 

100.0 

100.0 

100.0 

EXAMINATION    OF   SCREEN   PBODUCTS. 

Products  on  4  to  28  mesh  screens, — ^Under  the  microscope  much  com- 
bined galena,  sphalerite,  siderite,  and  quartz  were  visible.  Sphaler- 
ite was  the  predominating  mineral,  although  little  could  be  found 
free  from  the  associated  minerals. 
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Product  on  SB-mesh  screens. — This  product  contained  free  particles 
of  galena,  sphalerite;  and  quartz,  but  the  greater  percentage  of  galena 
and  a  comparatively  large  quantity  of  sphalerite  were  mechanically 
combined  either  with  other  minerals  or  with  each  other.  The  gangue 
appeared  to  be  combined  with  galena  and  siderite  rather  than  with 
the  sphalerite. 

Products  on  48  and  66  mesh  screens, — These  products  were  similar 
to  the  material  on  a  35-mesh  screen. 

Products  on  100-^mesh  screen. — This  material  contained  a  consid- 
erable proportion  of  free  particles  of  galena,  sphalerite,  and  qi^artz, 
although  mechanically  combined  particles  of  these  minerals  could  still 
be  seen  imder  the  microscope.  Most  of  this  material  would  be  suita- 
ble for  flotation. 

Products  on  ISO,  £00,  and  through  ZOO  mesh  screens. — ^Most  of  the 
mineral  particles  were  free,  but  some  of  the  quartz  and  siderite  par- 
ticles still  contained  included  galena.  It  was,  of  course,  difficult  to 
determine  particles  of  sphalerite  containing  included  galena  except 
by  the  microscope  of  higher  power  used  in  making  the  photomicro- 
graphs. 

It  was  decided  to  crush  the  ore  to  pass  a  65-mesh  screen,  so  that 
practically  all  of  the  ore  used  in  testing  for  differential  flotation  was 
crushed  to  this  size  or  finer.  A  screen  analysis  of  this  crushed  material 
is  as  follows: 


Table  8. — Screen  analysis  of  ore^S  for  flotation  testing, 
[Head  oontalned  Pb,  5.7  per  cent;  Zn,  11  per  cent;  Fc,  4.4  per  cent.] 


Size  of  screen  opening. 

Weights. 

Assays  (percent). 

Per  cent  of  total 
head  content. 

Cumulative  per 

cent  of  total  head 

content. 

Mesh. 

IfiUi- 
meters. 

Inches. 

Per 

cent. 

Cnmii- 

lative 

per 

cent. 

Pb. 

Zn. 

Pe. 

Pb. 

Zn, 

Fe. 

Pb. 

Zn. 

Fe. 

On 05 

0.206 
.147 
.104 
.074 
.074 

0.0062 
.0058 
.0041 
.0029 
.0029 

5.0 
14.6 
20.4 
15.8 
43.8 

+0.4 

"io.'o 

40.0 
55.8 
99.6 

3.2 
4.0 
4.7 
5.3 
6.9 

11.2 
11.7 
11.7 
11.5 
10.2 

3.9 
3.5 
3.4 
3.9 
5.0 

2.8 
10.2 
16.8 
14.7 
53.0 

+2.5 

5.1 
15.6 
21.7 
10.0 
40.6 

+0.4 

4.5 
11.6 
15.7 
14.1 
49.8 

+4.3 

100 

150 

200 

Through...  200 

Ijoss  and  error 

by  dlflerenoe. 

13.0 
29.8 
44.5 
97.5 

20.7 
42.4 
59.0 
99.6 

16.1 
81.8 
45.9 
95.7 

Total 

100.0 

' 

1 

100.0 

100.0 

100.0 

1 

1 

BBStTLTS  OF  FLOTATIOK  TSSTS. 


The  following  tests  were  selected  from  a  niunber  and  indicate  the 
possibilities  of  making  commercial  products  by  differential  flotation. 
All  tests  were  run  without  any  attempt  to  clean  the  products. 
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FLOTATION  TESTS  OF  IDAHO  ORBS. 

Remits  of  test  19t. 
[Head  contained  Pb,  4.9  per  cent;  Zn,  18.7  pet  cent;  Fe,  5  per  cent.] 


Oiade  of  products. 

Assay  of  products. 

Recoveries 

• 

Pb. 

Zn. 

Fe. 

Pb. 

Za, 

I^. 

Lead  concentrate 

Percent. 

sa.4 

7.3 

2.6 

.3 

Percent. 

14.5 

45.2 

37.4 

.4 

Percent. 
2.5 
6.9 
7.2 
4.4 

Percent. 

65.0 

24.8 

&7 

3.3 

Percent. 

4.2 
52.4 
33.5 

L2 

Percent, 
2.8 

Zinp  C0ncfflitrat<^  (1 ). . .    . .  

sac 

Zinc  concentrate  (2) 

23w8 

TnlHng., 

4&0 

Flotation  agents. 

Pounds 
per  ton. 

Barrett  Co.  No.  2  coal-tar  creoeote 0.3 

Greorgia  Pine  &  Turpentine  Co.  No.  208  wood  creoeote  oil 1 

Pensacola  Tar  A  Turpentine  Co.  No.  400  wood  creosote  oil 4 

Sulphuric  add 2.0 

Remarks, — ^For  the  lead  concentrate 0.3  pound  of  Bairett  No.  2  oil  and  0. 1  pound 
of  Penflacola  Tar  A  Turpentine  Co.  oil  No.  400  were  used.  The  remaining  flotation 
agents  were  added  to  float  the  zinc  mineral.  The  grade  of  products  and  the  recoveries 
were  good,  especially  the  zinc  concentrates.  The  two  zinc  concentrates  combined 
gave  a  product  containing  4.3  per  cent  lead  and  41.7  per  cent  zinc  with  a  recovery 
of  85  per  cent  of  the  zinc. 

Results  of  test  $1$. 
[Head  contained  Pb,  4.7  per  cent;  Zn,  17.9  per  cent;  7e,  4.8  per  cent.] 


Oiade  of  product. 

Assay  of  product. 

Aeooveties. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

licad  oGDoentrate 

Percent. 
63.1 

Percent. 
9.9 

Percent. 
2.6 

Percent. 
7L2 

Percent. 
2.9 

Percent. 
2.9 

Flotation  agents. 


Soda  ash 

Charcoal .* 

Barrett  Co.  (Vancouver)  light  coal-tar  creoeote. 


Pounds 
per  ton. 

5.0 

1.0 

.4 


Remarks. — ^In  this  test,  as  in  many  others,  the  lead  concentrate  was  the  only  product 
saved)  in  order  to  eliminate  many  chemical  analyses  when  the  ore  was  tested  with 
different  coal-tar  creosotes  or,  when  a  series  of  tests  was  run,  to  avoid  changing  the 
quantity,  make,  or  grade  of  the  flotation  oil.  The  lead  product  was  fairly  good  in 
view  of  the  relatively  high  zinc  content  of  the  head  sample.  The  recovery  of  lead 
was  fair. 
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Remlta  of  test  £13. 
[Head  oontai2ied  Pb,  4.7  per  cent;  Zn,  17.9  per  cent;  Fe,  4.8  per  cent.] 


Oiade  of  product. 

Assay  of  product. 

Recoveries. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

T-^ad  conoftntmte-  - . . . . r  t 

Percent, 
58.3 

Percent. 
12.3 

Percent. 
2.2 

Percent. 
80.6 

Percent. 
4.4 

Percent. 
2.9 

Flotation  agents. 


Sodaaeb 

Charcoal 

Barrett  Co.  (Vancouver)  heavy  coal-tar  creosote. 


Pounds 
per  ton. 

6.0 
1.0 

.4 


Remarks. — ^As  compared  with  the  results  of  test  No.  212,  the  heavy  coal-tar  creosote 
seemed  to  give  a  hi^er  recovery  but  raised  more  zinc,  causing  a  product  of  somewhat 
lower  grade. 

ResuUs  of  test  2U. 
[Head  contained  Pb,  4.7  per  cent;  Zn,  17.9  per  cent;  Fe,  4.8  per  cent.] 


Qrade  of  product. 

Assay  of  product. 

Beooveries. 

Pb. 

Zn* 

Fe. 

Pb. 

Zn. 

Fe. 

Lead  concentrate 

Percent. 
56.0 

Percent. 
12.5 

Percent. 
2.8 

Percent. 
71.4 

Percent. 
4.2 

Peremt. 
3.5 

Flotation  agents. 


Borax 

Charcoal 

Barrett  Co.  No.  4  coal-tar  creosote. 


Pounds 
per  ton. 

5.0 

1.0 

.4 


Remarks. — In  this  test  borax  was  used  in  place  of  soda  satx.    In  such  tests  borax 
did  not  seem  to  give  better  results  than  the  ash. 

Results  o]  test  2S9. 
[Head  contained  Pb,  6  per  cent;  Zn,  10.6  per  cent;  Fe,  3.9  per  cent.] 


Grade  of  product. 

Assay  of  product. 

Recoveries. 

Pb. 

Zn. 

F6. 

Pb. 

Zn. 

Fe. 

Lead  concentrate 

Percent. 
54.4 

Percent. 

11.4 

Percent. 

2.6 

Percent. 
68.0 

Percent. 
8.0 

Percent. 
4.9 

Flotation  agents. 


Sodaadi 

Charcoal 

Wood  alcohol. 


Pounds 
per  ton. 

5 

1 

2 
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FLOTATION  TESTS  OF  IDAHO  ORBS. 


Remjorhs. — ^Alcohol  seemed  to  give  fairly  good  resultfi  with  ore  3  when  substituted 
for  a  flotation  oil,  such  as  a  coal-tar  creosote,  to  raise  the  lead  mineral. 

RetfulU  of  test  S82, 
[Head  contained  Pb.  6.7  per  cent;  Zn,  10.8  per  cent;  Fe,  4.4  per  cent.] 


Grade  of  products. 

Assay  of  products. 

Recoveries 

• 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

Lead  concentrate 

Percent. 

53.1 

8.2 

3.1 

.3 

Percera. 

11.2 

32.3 

5.2 

.9 

Percent. 
3.7 
7.1 
5.6 
3.0 

Percent. 

60.9 

41.6 

1.4 

3.3 

Percent. 

6.7 

86.0 

1.2 

5.3 

Percent. 

4.6 

Zinc  concentrate 

46.7 

Middling 

3.3 

Tailing .". 

43.0 

Flotation  agents. 


Pounds 
pertoo. 

5.0 


Soda  ash 

Barrett  Co.  No.  2  coal-tar  creosote 4 

Sodium  hydroxide 2. 0 

Pensacola  Tar  &  Turpentine  Co.  No.  350  crude  wood  pine  oil 4 

Imperial  fuel  oil 2 

Copper  sulphate 1.0 

Remarks. — For  the  lead  concentrate  the  soda  ash  and  Barrett  No.  2  creosote  were 
used.  The  zinc  concentrate  was  produced  by  adding  the  sodium  hydroxide,  oil 
No.  350,  and  Imperial  fuel  oil.  After  the  lead  and  zinc  concentrates  were  removed, 
copper  sulphate  was  added  for  the  middling.  The  recovery  of  zinc  in  the  zinc  con- 
centrate was  good.    The  grade  of  product  could  have  been  improved  by  cleaning. 

Results  of  test  S85. 
[Head  contained  Pb,  5.7  per  cent;  Zn,  10.8  per  cent;  Fe,  4.4  per  cent.] 


Oiade  of  products. 

Assay  of  products. 

Recoveries 

• 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

Lead  concentrate 

Percent. 

60.8 

7.8 

3.1 

.2 

Percent. 

10.5 

42.5 

10.3 

.8 

Percent. 
4.2 
6.1 
7.8 
3.4 

Percent. 

61.1 

30.7 

2.7 

2.3 

Percent. 

6.6 

88.2 

4.8 

4.7 

Percent. 
6.6 

Zinc  concentrate 

31.1 

MMdKnir 

8.9 

TaillnK" 

49.6 

•  ia....iQ  .........•••.•.•••................. 

Soda  ash. 


Flotation  agents. 

Pounds 
pertoo. 

6.0 

Mixture  (1 :16)  of  G.  N.  S.  Co.  No.  5  pine  oil  and  carbolic  creosote 4 

Water  glass  (40**  B.) 10.0 

Copper  sulphate 1.0 

Pensacola  Tar  &  Turpentine  Co.  No.  350  crude  wood  pine  oil 4 

Imperial  fuel  oil 2 

Remarks. — ^The  soda  ash  and  mixture  were  used  to  raise  the  lead  mineral.  For  the 
zinc  concentrate  5  pounds  of  water  glass,  0.5  pound  of  copper  sulphate,  0.2  pound  of 
No.  350  oil,  and  0.1  pound  of  fuel  oil  were  used,  the  remainder  being  added  for  the 
middling  after  the  zinc  concentrate  had  been  removed.  The  grade  of  products  and 
the  recoveries,  especially  of  zinc,  were  fairly  good.  Better  products  could  have  been 
made  by  roughing  and  cleaning. 
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[Head  oontalned  Fb,  6.8  per  cent;  Zn,  11.1  per  cent;  Fe,  4.3  per  cent.) 
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Qiade  of  products. 

ABsay  of  products. 

Recoveries 

• 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

Lead  concentrate 

Percent. 

5&9 

ia7 

5.8 

.2 

Percent. 

&9 

4a7 

11.2 

.3 

Percent. 
3.2 

7.4 
3.8 

Percent. 

5ai 

413 

16 

2.3 

Percent. 

12 

88.0 

16 

1.8 

Percent, 
3.8 

Zinc  concentrate 

33b5 

UMi\lU^ 

7.9 

•TftJHFIg  . 

5&7 

Flotation  agents. 

Poondi 
per  ton. 

Sodaash 5.0 

Charcoal LO 

Barrett  Go.  No.  2  coal-tar  creosote 4 

Water  glaae  (40*^  B.) 5.0 

Copper  sulphate 5 

Pensacola  Tar  k  Turpentine  Co.  No.  350  crude  wood  pine  oil 4 

Imperial  fuel  oil •. 2 

RemarTcM. — Soda  aah,  charcoal,  and  Barrett  No.  2  creosote  were  used  for  the  lead 
concentrate.  The  other  flotation  agents  were  added  for  the  2jnc  concentrate  and 
middling  after  the  lead  concentrate  had  been  removed.  The  grade  of  products  was 
fair  but  could  have  been  improved  by  further  treatment  in  cleaning  cells.  The 
zecovery  of  zinc  in  the  zinc  concentrate  was  good. 

RemlUoftestS92. 
(Head  contained  Pb,  5.8  i>er  cent;  Zn,  11.1  per  cent;  Fe,  4.3  per  cent.] 


Grade  of  products. 

Assay  of  products. 

Recoveries 

• 
• 

Pb. 

Zn. 

Fe. 

Pb. 

^1. 

Fe. 

L4ad  concentrate. 

Percent. 

5a6 

8.0 

2.9 

.4 

Percent. 

ia8 

38.7 

118 

LI 

Percent. 
3.7 
6.9 
9.2 
2.5 

Percent. 

59.3 

2&7 

5.2 

12 

Percent. 

6.6 
72.5 
13.5 

6l0 

Percent. 
5.9 

Zinc  concentrate 

33.4 

If  i<iaiiiw 

2L6 

Tailing 

3&2 

Flotation  agenU. 

Pounds 
per  ton. 

Soda  ash 5.0 

Barrett  Co.  No.  2  coal-tar  creosote 4 

Wood  alcohol 1. 6 

Pensacola  Tar  &  Turpentine  Co.  No.  850  crude  wood  pine  oil 4 

Imperial  fuel  oil 2 

Remarks. — Barrett  No.  2  creosote  and  alcohol  were  used  to  produce  the  lead  concen- 
trate, soda  ash  and  the  other  flotation  agents  being  employed  for  the  zinc  concentrate 
and  middling.  It  will  be  noticed  that  the  zinc  recovery  was  much  lower  than  in-other 
testa  where  copper  sulphate  or  water  glassor  both  were  uaed.  For  rougher  concentrates, 
however,  the  grade  of  the  products  was  Mr. 
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RemU$ofU8tS96. 


I                          *  "'  "'*' 

^#v«   v>«aAVf    ■ 

i  wu«y    J.,  vy 

.-»j 

Qrade  of  products. 

Aasay  of  products. 

R«ooveries 

• 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

'-^ad  conoflintrater  -  - 

Percent. 

50.7 

3.5 

2.6 

.2 

Percent. 
14.9 
32.2 
11.8 
.13 

Percent. 
4.5 
8.0 
4.4 
2.5 

Percent, 

76.9 

17.9 

2.2 

1.9 

Percent. 

11.8 

86.1 

6.2 

.6 

Percent. 
0.2 

Zlno  coDOencrate 

6&2 

Miridlliig 

5w6 

Tailing  T 

?2^« 

Flotation  agents. 

per  ten. 

Sulphuric  acid 3. 7 

Sodaaah 10.6 

Barrett  C5o.  No.  2  coal-tar  creosote 4 

Copper  sulphate 5 

Water  glass  (40°  B.) 5.0 

Peusacola  Tar  &  Turpentiiie  Go.  No.  350  crude  wood  pine  oil 6 

Remarls. — Sulphuric  acid  was  agitated  with  the  pulp  before  other  agents  wefe 
added,  in  order  to  brighten  the  mineral  faces,  and  thus  possibly  increase  the  lead 
recovery.  After  this  preagitation  the  soda  ash  and  Barrett  No.  2  creosote  were  added 
for  the  lead  concentrate.  For  the  zinc  concentrate  0.5  pound  of  copper  sulphate  and 
0.3  pound  of  No.  350  oil  were  added,  and  for  the  middling,  the  water  glass  and  0.3 
pound  of  No.  350  oil.  The  sulphuric  acid  seemed  to  increase  the  recovery  of  lead, 
but  also  permitted  more  sdnc  in  the  lead  concentrate.  However,  from  these  two 
products  high-grade  concentrates  of  both  lead  and  zinc  could,  no  doubt,  have  been 
made  by  cleaning,  with  good  recoveries  of  both  minerals. 

TESTIVa  OBE  4  FOB  DIFFEBENTIAL  FLOTATION. 

DESCBIPTION  OF  OBE. 

Ore  4  contained  sphalerite;  galena,  and  some  pyrite  in  a  gangue 
composed  chiefly  of  quartzite  and  schist.  The  sulphides  were  quite 
intimately  associated  with  each  other,  as  was  clearly  seen  on  ex- 
amining polished  section  under  the  microscope. 

Plate  VI,  .^,  is  a  photomicrograph  of  a  polished  section  in  which 
sphalerite  is  the  chief  constituent,  the  lead  content  in  the  form  of 
galena  being  relatively  small.  Galena  occurs  as  inclusions  in  the 
sphalerite  in  grains  and  minute  particles  ranging  in  size  from  those 
easily  detected  xmder  the  microscope  at  low  magnification  to  specks 
which  are  only  resolved  by  higher  power.  Plate  VT,  A,  also  shows 
how  the  galena  is  disseminated  through  the  zinc  blende  and  indicates 
the  relative  size  of  the  galena  particles,  many  of  which  are  invisible 
at  this  magnification.  In  another  specimen  of  this  ore  the  galena 
and  sphalerite  seemed  to  occur  in  somewhat  larger  areas,  and  were 
associated  as  interlocking  grains  of  varying  sizes.  The  inclusions  of 
galena  in  the  sphalerite  are  readily  distinguished  in  Plate  VI,  B, 
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Making,  by  differential  flotation,  a  high  recovery  of  lead  without 
floating  a  relatively  large  proportion  of  the  zinc  sulphide  proved 
difficiQt,  As  the  analysis  below  shows,  the  zinc  content  was  only 
about  3  to  4  per  cent  and  the  lead  about  11  to  12  per  cent,  so  that 
even  though  a  relatively  good  grade  of  lead  concentrate  was  obtained, 
the  quantity  of  zinc  sulphide  floated  with  the  lead  represented  30  to 
40  per  cent  of  the  zinc  in  the  ore.  It  is  not  difflciQt  to  obtain  a  high 
recovery  of  lead  in  a  product  assaying  50  to  55  per  cent  lead  with 
6  to  8  per  cent  zinc,  but  the  recovery  of  zinc  will  be  30  to  40  per  cent. 
In  testing  this  ore,  therefore,  the  object  was  to  recover  as  much  lead 
as  possible  in  the  lead  concentrate  while  keeping  the  zinc  down  to 


a  minunum. 


Chemical  analysis  of  ore  4- 


Per  cent. 

Pb 11.40 

Zn 3.90 

Fe 11.71 

Cu Tr. 

S 4.76 


Per  oent. 

CaO 0.84 

MgO 20 

SiOj 44.54 

AI3O, 22.53 


SCREEN   ANALYSIS   OF  ORE    4. 

A  screen  analysis  was  made  of  a  sample  of  this  ore  that  had  been 
crushed  by  a  Blake  crusher  and  a  set  of  rolls  so  that  the  coarsest 
particle  was  about  one-fourth  inch  in  diameter.  A  set  of  Tyler  stand- 
ard screen  sieves  was  used  and  the  various  screen  products  were  ex- 
amined to  ascertain  the  size  to  which  it  would  be  necessary  to  crush 
the  ore  for  flotation  The  screen  analysis  and  the  examination  of 
the  screen  products  follow. 

Table  9. — Screen  analysis  of  ore  4* 
LHead  oontaiiied  Pb,  11.4  per  cent;  Zn,  3.9  per  cent;  Fe,  11.7  per  cant.] 


8]xe  of  screen  opening. 

Weights. 

Assays  (percent). 

Per  cent  of  total 

head  content. 

• 

Cumulative  per 

cent  of  total  head 

content. 

Cumu- 

, 

Mesh. 

Milli- 
meters. 

Inch. 

Per 

cent. 

lative 

per 

cent. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fo. 

On 

...4 

8 

4.699 
2.362 

0.185 
.093 

20.9 
18.9 

"is."  8" 

10.8 
9.8 

3.0 
3.5 

12.7 
11.6 

28.3 
16.2 

23.0 
16.9 

32.4 
18.7 

44.5 

39.9 

51.1 

10 

1.651 

.065 

6.6 

55.4 

8.9 

3.8 

12.2 

5.1 

6.5 

6.9 

49.6 

46.4 

58.0 

14 

1.168 

.046 

7.1 

62.5 

8.8 

4.0 

12.7 

5.5 

7.3 

7.7 

55.1 

53.7 

65.7 

ao 

.833 

.0325 

6.2 

68.7 

8.6 

4.3 

11.6 

4.7 

6.9 

6.2 

59.8 

60.6 

71.9 

28 

.589 

.0232 

4.9 

73.6 

9.1 

4.0 

11.0 

3.9 

5.0 

4.6 

63.7 

65.6 

76.6 

36 

.417 

.0164 

4.1 

77.7 

8.4 

4.3 

11.8 

3.1 

4.6 

4.2 

66.8 

70.2 

80.7 

48 

.295 

.0116 

2.9 

80.6 

7.8 

4.5 

10.6 

2.0 

3.3 

2.6 

68.8 

73.5 

83.3 

05 

.208 

.0082 

2.6 

83.2 

10.1 

4.6 

11.4 

2.3 

3.0 

2.5 

71.1 

76.5 

85.8 

100 

.147 

.0058 

2.7 

85.9 

11.5 

4.3 

12.5 

2.7 

2.9 

2.9 

73.8 

79.4 

88.7 

150 

.104 

.0041 

2.2 

88.1 

13.0 

4.4 

8.2 

2.5 

2.4 

1.5 

76.3 

81.8 

90.2 

aoo 

.074 

.0029 

1.3 

89.4 

14.5 

4.1 

7.9 

1.7 

1.4 

.9 

78.0 

83.2 

91.1 

Through... 

.200 

.074 

.0029 

10.3 

99.7 

20.3 

4.5 

8.6 

18.4 

11.9 

7.5 

96.4 

95.1 

98.0 

Loss  and  error 

bydiflera 

Dce.. 

+a3 

+3.6 

+4.9 

+1.3 

•••«•• 

Total 

loao 

100.0 

100.0 

100.0 

40  MiOTATIOK  TESTS  OF  IDAHO  ORBS. 

BXAMINATIOK  OF  SCREEN  FBODUCT8. 

Products  on  4  to  28  mesh  screens. — ^Much  mechanically  combined 
galena,  sphalerite,  and  gangue  could  be  seen  mider  the  microscope. 
Although  there  was  some  free  mineral,  most  of  the  minerals  were 
combined  with  each  other.  Galena  predominated  over  sphalerite  and 
relatively  more  galena  than  any  of  the  other  minerals  present  seemed 
to  be  free. 

Products  on  S5  and  48  mesh  screens. — Some  galena  and  some 
sphalerite  were  free,  but  a  large  proportion  of  the  minerals  appeared 
to  be  mechanically  combined. 

Products  on  SS-mesh  screen. — This  screen  product  contained  rela- 
tively more  free  galena  and  free  sphalerite  than  the  coarser  products 
but  most  of  the  pyrite  appeared  to  be  combined  with  the  gangue. 

Product  on  lOO^mesh  screen. — A  much  greater  proportion  of  the 
galena  and  sphalerite  particles  appeared  to  be  free,  although  gangue 
particles  combined  with  other  minerals  could  be  seen  imder  the  mi- 
croscope. This  size  of  screen  product  might  prove  satisfactory  for 
flotation,  but  finer  crushing  woiQd  permit  a  better  separation  of  the 
minerals  by  flotation  and  a  more  satisfactory  recovery. 

Product  on  IBO-mesh  screen. — ^This  material  contained  principally 
free  galena,  sphalerite,  pyrite,  and  quartz,  although  a  few  particles  of 
quartz  showed  inclusions  of  lead  and  zinc,  and  particles  of  pyrite 
combined  with  zinc  could  be  seen.  As  most  of  the  mineral  particles 
appeared  to  be  free,  it  was  decided  to  crush  the  ore  to  this  size  for 
flotation. 

Products  on  200  and  ihrough  200  mssh  screens. — ^Most  of  the  mineral 
particles  in  this  material  were  free,  although  some  of  the  quartz  par- 
ticles still  showed  inclusions  of  the  sulphides.  Because  of  the  difli- 
culty  of  determining  particles  of  sphalerite  containing  inclusions  of 
galena,  except  with  the  higher  power  microscope  used  in  making 
photomicrographs,  it  is  probable  that  a  small  proportion  of  the  zinc 
particles  still  contained  inclusions  of  galena. 

After  examination  of  the  screen  products  it  was  thought  best  to 
crush  this  ore  to  pass  a  100-mesh  screen,  so  that  practically  all  of 
the  ore  used  in  testing  for  differential  flotation  was  crushed  to  this 
size  or  finer.  A  screen  analysis  of  the  material  xised  for  flotation 
follows. 
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Table  10. — Screen  analysis  of  ore  4  for  flotation  testing. 
[Head  contained  Pb,  11.4  per  oent;  Zn,  3.0  per  cent;  Fe,  11.7  per  cent.) 
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Size  of  screen  opening. 

Weights. 

Assays  (percent). 

Per  cent  of  total 
head  content. 

Cumiilatiye  per 

cent  of  toUl  head 

content. 

Mmh. 

Mim- 

meters. 

Inches. 

Per 

cent. 

Cumu- 
lative 
per 
cent. 

Pb. 

Zn. 

2.9 
3.1 
3.2 
4.0 

Fa 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

On 100 

a  147 
.104 
.074 
.074 

a0056 
.0041 
.0020 
.0029 

4.4 
14.0 

0.8 
71.6 

+0.2 

28.2 
90.8 

6.0 

8.1 

9.8 

12.5 

10.6 
11.4 
11.4 
11.7 

2.6 

lao 

8.4 
78.6 

+a4 

3.1 
11.3 

8.2 
73.3 

+4.1 

3.0 
13.7 

0.6 
71.6 

+1.2 

150 

200 

Tbroagh....200 

Loss  and  error 

by  difference . 

12.6 
21.0 
00.6 

14.4 
22.6 
95.9 

17.6 
27.2 
96.8 

Total 

loao 

100.0 

loao 

100.0 

BESXJLT8  OF  FLOTATION  TE8TS. 

Many  flotation  oils  and  chemicals  were  used  in  tests  of  this  ore 
for  differential  flotation,  some  of  which  have  given  promising  results 
in  effecting  a  good  grade  of  lead  product  low  in  zinc.  Charcoal  in 
combination  with  soda  ash  and  coal-tar  creosote  has  seemed  to  give 
a  better  lead  product  than  some  of  the  other  mixtures,  but  results 
in  a  somewhat  lower  recovery  of  lead.  However,  it  is  probable  that 
better  recoveries  could  be  obtained  in  practice  than  are  indicated 
by  the  results  given  below. 

Results  of  test  155. 
[Head  oontalned  Pb,  11.4  per  cent;  Zn,  3.9  pereent;  Fe,  11.7  per  cent.] 


Grade  of  product. 

Assay  of  product. 

Recoveries. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

Lead  concentrate 

Percent. 
52.6 

Per  cent. 
4.7 

Pereent. 
4.9 

Pereent. 

66.4 

Pereent. 
17.4 

PereeuL 
7.3 

Flotation  agents. 

Pounds 
per  ton. 

Mixture  (2:1)  of  wood  alcohol  and  a  distillate  taken  off  from  a  mixture  of  (1:1) 
of  coal-tar  creoeote  and  wood  alcohol  at  82"^  to  120"^  C 2. 5 

Remarks. — The  grade  of  the  product  was  fair,  especially  with  regard  to  the  zinc 
content  of  the  lead  concentrate,  but  the  recovery  of  lead  wus  relatively  low. 

ResulUoftestlSO. 
[Head  contained  Pb,  11.4  per  oent;  Zn,  3.9  per  cent;  Fe,  11.7  per  cent.) 


Grade  of  product. 

Assay  of  product. 

Recoveries. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

Lead  ooocentrate 

Pereent. 
59. 1 

Pereent. 
6.3 

Pereent. 
5.6 

Pereent. 
69.5 

Per  cent. 
21.6 

Per  cent. 
6.4 
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Flotation  agents. 


Mixture  (4:1)  of  wood  alcohol  and  a  dLstillate  taken  off  from  a.  mixture  (1:1)  of 

coal-tar  creosote  and  alcohol  at  80®  C 

Sodium  hydroxide 


Remarks. — ^The  grade  of  product  was  fair,  but  the  recovery  of  lead  was  co]sp&^ 
Uvely  low.    The  sodium  hydroxide  seemed  to  effect  a  somewhat  higher  recovery 

Results  of  test  185. 
[Head  contained  Pb,  11.4  per  cent;  Zn,  3.9  per  cent;  Fe,  11.7  per  cent.] 


Grade  of  product. 

Assay  of  product. 

RecoveiicB. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn.            Fi. 

Lead  concentrate 

Percent. 
55.8 

Percent. 
7.2 

Percent. 
5.7 

Percent. 
76.4 

Per  cent.    Pa  .vm 
29lO 

Flotation  agents. 


Sodium  hydroxide 

General  Naval  Stores  Co.  No.  20  coal-tar  creosote. 


Pocu: 
per'*: 


Remarks. — This  product  contained  more  zinc  than  the  product  of  the  precedi:. 
test,  but  the  recovery  of  lead  was  higher;  the  grade  may  be  considered  good,  espemi. 
as  it  was  a  rougher  product  and  could  no  doubt  have  been  improved  by  cleaning. 

Results  of  test  207. 
[Head  contained  Pb,  11.4  per  cent;  Zn,  3.9  per  cent;  Fe,  11.7  per  cent.] 


Grade  of  product. 

Assay  of  product. 

Recoveries. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Tt 

Lead  concentrate 

Percent. 
56.9 

Percent. 
4.9 

Percent. 
4.9 

Percent. 
TT.i 

Percent. 
19.5 

PiTffni 

Flotation  agents. 


Poa>- 
pcrt^u 


Sodium  hydroxide 

Mixture  (4:1)  of  wood  alcohol  and  Flotation  Oil  &  Chemical  Co.  No.  21  coal-tar 
creosote ! 

Rejiwrks. — Both  the  grade  of  product  and  the  lead  recovery  were  fairly  good. 

Remits  of  test  572. 

[Head  contained  Pb,  10.4  per  cent;  Zn,  3.4  per  cent;  Fe,  11.5  per  cent.] 


Grade  of  product. 

Assay  of  product. 

RecoTBries. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Pf. 

1  .^mH  AnnonnfmlA. ...-,r. 

Percent. 
54.7 

Percent. 
9.1 

Percent. 
0.9 

Percent. 
87.8 

Percent. 

43.6 

Per  en: 
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Flotation  agents. 


Sodium  hydroxide 

Mixture  (4:1)  of  wood  alcohol  and  Flotation  Oil  &  Chemical  Co.  No.  21  coal-tar 


Pounds 
per  ton. 

1 


creoeote. 


Remarks. — The  grade  of  the  product  was  fair;  the  lead  recovery  was  good,  but  the 

zinc  content  was  relatively  high.    The  higher  recovery  of  lead  was  undoubtedly  due 

to  sample  having  been  crushed  wet.    To  compare  wet  and  dry  crushing  see  the 

preceding  test,  No.  207. 

ReeiiUs  of  test  685. 

[Head  contained  Pb,  8.8  i)er  cent;  Zn,  ZJi  per  cent;  Fe,  12  per  cent.) 


Grade  of  product. 

Aaayofprodnot. 

Reooveiies. 

Pb. 

Zn. 

Fa. 

Pb. 

Zn- 

Fe. 

Lead  concentrate 

Percent. 
51.4 

PereerU. 
6.4 

PereeiU. 
5.3 

PereeiU. 
73.6 

PerceiU. 
23.0 

Percent 
6.6 

Flotation  agent. 


Soda  ash. 


Pounds 
per  ton. 

20 


Remarks, — The  grade  of  product  was  fair,  but  the  recovery  of  lead  was  relatively 
low.  The  quantity  of  the  flotation  agent  was  too  large  for  commercial  use  but  it  could 
probably  be  reduced  in  practice. 

ResulUoftestlBi. 
[Head  contained  Pb,  12.1  per  cent;  Zn,  3.2  per  cent;  Fe,  VLB  per  oent.1 


Grade  of  products . 

Assay  of  prodocts. 

Reooveries. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

Lead  oonoentrate. ..-,-, 

Percent. 

56.5 

12.0 

LO 

Percent. 

6.1 

9.2 

.6 

PereesL 

6.3 

16.6 

12.3 

PereeiU. 

81.2 

17.8 

6.3 

Percent. 
33.2 
6L8 
12.1 

PereeiU. 
9.5 

MVldKiw 

26.0 

Taflhur  .... 

09.0 

•  •■■■•■■O'  ••..•-■•••.■•■■"■■■••■•--•■•■■■"•-■ 

Flotation  agents. 


Sodaaeli. 


Pounds 
per  ton. 

20.0 


flotation  Oil  A  Chemical  Co.  No.  21  ooal-tar  creosote 2 

Penaaoola  Tar  &  Turpentine  Co.  No.  400  wood  creosote 1 

Copper  sulphate 2.0 

Pensacola  Tar  &  Tuipentine  Co.  No.  d50*crude  wood  pine  oil 4 

Remarks. — ^Both  the  grade  of  product  and  the  lead  recovery  were  fairly  good.  The 
miHHling  product  oould  have  been  treated  in  separate  flotation  cells.  The  quantity 
of  soda  ash  used  would  have  to  be  reduced  in  practice.  The  copper  sulphate  and  oil 
No.  350  were  added  after  the  lead  concentrate  had  been  removed. 


44 


FLOTATION  TESTS  OF  IDAHO  ORBS. 


RemtUoftettrSS. 
[Head  oontftiiied  Pb,  12.1  percent;  Zn,  3.2  peroeot;  Fe,  11.5  per  cent.] 


Grade  of  product. 

Assay  of  product. 

Recoveries. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn- 

Fe 

Lead  cancentrate 

Percent. 
50.4 

Percent. 
7.4 

Percent. 
5.5 

Percent. 
77.1 

Percent, 
36.3 

Percent 
7  3 

Flotation  agents. 

per  tea 

Mixture  (1 : 4)  of  Barrett  Co.  No.  633  coal  tar  creoeote  and  wood  aloohol 2 

Sodium  hydroxide 1 

Remarks, — ^The  grade  of  product  and  the  recovery  of  lead  were  only  fair. 

Results  of  test  828. 
[Head  contained  Pb,  12.1  per  cent;  Zn,  3.2  per  cent;  Fe,  11.5  per  cent.l 


Oiade  of  products. 


Lead  ooooentnte. 

Middling  (1) 

Middling  (2) 


Aaay  of  products. 


Pb. 


Percent. 
54.9 
31.4 
14.9 


Zn. 


Percent. 

6.9 

11.3 

10.7 


Fe. 


Percent. 

6.1 

12.8 

15.0 


Recoveries. 


Pb. 


Percent. 

72.6 

8.8 

13.5 


Zn. 


Percent. 
84.5 
U.0 
36.8 


F\B. 


8.5 

3.8 

14.8 


Flotation  agents. 


Soda  ash 2.5 

General  Naval  Stores  Co.  No.  22  coal-tar  creoeote 25 

Pensacola  Tar  &  Turpentine  Co.  No.  350  crude  wood  pine  oil 25 

Remarks. — The  grade  of  product  was  fair,  but  the  recovery  of  lead  was  low.    This 
test  was  run  with  4,000  grams  of  ore. 

ResuUsoftest841. 
[Head  contained  Pb,  12.1  per  cent;  Zn,  3.2  per  cent;  Fe,  11.6  per  cent.) 


Orade  of  products. 

Assay  of  products. 

Reooveries 

» 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe, 

^-4^4  ooTWM^ntrate. . .  * r 

Percent. 

5L9 

14.9 

7.3 

Percent. 

8.5 

.      0.0 

4.8 

Per  cent. 

7.6 

18.0 

15.0 

Percent. 

79.4 

4.9 

4.4 

Peretitf. 
48.1 
U.1 
U.1 

Perenrt. 
12.2 

Middling  (1) 

4.5 

Middling  ^2S _., 

9.6 

Flotation  agents. 


Soda  ash. 


per  too. 
2.5 


Sodium  hydroxide 1.0 

Mixture  (1:4)  of  Flotation  Oil  d  Chemical  Co.  coal  tar  creoeote  No.  21  and 

wood  alcohol 2.0 

General  Naval  BtoreB  Co.  No.  5  s.  d.  pine  oil •  ,1 
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Remarks, — Soda  ash,  sodium  hydroxide ,  and  1  pound  per  ton  of  mixture  were  used 
for  the  lead  concentrate,  and  the  remaining  flotation  agents  for  the  middling  products. 
The  lead  concentrate  contained  too  much  zinc,  but  the  product  might  have  been 
improved  by  further  treatment  in  cleaner  cells  or  by  tabling.  The  low  zinc  content 
of  the  lead  made  difficult  the  effecting  of  a  good  lead  recovery  without  recovery  of  a 
large  proportion  of  the  zinc  in  the  lead  concentrate. 

RemlUofiestSSS, 
[Head  contained  Pb,  12.1  per  cent;  Zn,  3.2  per  cent;  Fe,  11.6  per  cent.] 


Grade  of  product. 

Asay  of  product. 

Roooverles. 

Pb. 

Zn. 

Eb. 

Pb. 

7n- 

Fe. 

Lead  oonoenfattte 

Ptreent. 

39.2 

Per  enil. 

6.4 

Percent. 
9.0 

PercefU. 
66.7 

Pereeiu. 
29.5 

Percent. 

13  7 

Flotation  agents. 


Gasoline 

Flotation  Oil  &  Chemical  Co.  No.  21  coal-tar  creosote 

Pensacola  Tar  &  Turpentine  Co.  No.  400  wood  creosote  oil. 


Pounds 
per  ton. 

0.3 

.4 

.2 


Remarks. — Gasoline  seemed  to  keep  down  the  zinc  in  the  lead  concentrate,  but  the 
grade  of  the  latter  was  very  low.  If  a  high  lead  recovery  could  have  been  obtained 
with  this  mixture  and  the  rougher  product  had  been  put  through  cleaner  cells,  a 
good-grade  product  low  in  zinc  might  have  been  possible. 

ResuUsoftest867. 
[Head  contained  Pb,  12.1  per  cent;  Zn,  3.2  per  cent;  Fe,  11.5  per  cent.] 


Grade  of-product. 

Assay  of  product. 

Recoveries. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

I/end  concentrate , . . .  

Percent. 
41.9 

Percent. 
6.1 

Percent. 
7.6 

Percent. 
56.4 

Percent. 
30.6 

Percent, 

IfLfi 

Flotation  agents. 


Pounds 
per  tan. 

4.8 

.4 

.2 


Grasoline 

Flotation  Oil  &  Chemical  Co.  No.  21  coal-tar  creosote 

Pensacola  Tar  &  Turpentine  Co.  No.  400  wood  creosote  oil 

Remarls. — ^The  relatively  large  quantity  of  gasoline  did  not  seem  to  improve  the 
grade  of  the  product  or  to  increase  the  lead  recovery.  The  zinc  content  of  the  lead 
concentrates  was  also  higher  in  this  test  than  in  that  preceding  (No.  863). 

Results  of  test  869. 
[Head  contained  Pb,  12.1  per  cent;  Zn,  3.2  per  cent;  Fe.  11.5  per  cent.l 


Grade  of  product. 

Assay  of  product. 

Recoveries. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

Lead  concentrate 

Percent. 
56.4 

Percent. 
5.2 

Percent. 
6.4 

Percent. 
68.5 

Percent. 
23.9 

Percent. 
8.2 

23670°— 21- 
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FloUMtion  agenU. 

per  ton. 

Sodaaflii 5.0 

Gasoline 1.2 

Flotation  Oil  &  Chemical  Co.  No.  21  ooal-tar  creosote 4 

Penaacola  Tar  A  Torpentine  Co.  No.  400  wood  creosote  oil 2 

Remarks, — Comparison  of  this  test  with  Nos.  8^  and  867  shofws  that  the  addition 
of  soda  ash  improved  both  the  grade  of  prodnct  and  the  reooveiy  of  lead,  although 
the  Utter  is  still  low. 

RemdUofU9t877. 

[Head  oontained  Pb,  IZl  per  cent;  Zn,  3.2  per  cent;  Fe,  1L5  per  cent.] 


Assay  of  product. 

Recoveries. 

xitmiB  ct  proanct. 

Pb. 

Zn. 

Fb. 

Pb. 

Zn. 

Fe. 

FifAtl  mnmntiiite 

Percent. 
60.9 

Percent. 
4.2 

Percent. 
&4 

7&4 

Percent. 
19.7 

Percent. 
7.0 

Flotation  agents. 

Soda  ash 

Charcoal 

Flotation  Oil  &  Chemical  Co.  No.  21  coal-tar  creosote. 


Pounds 
per  ten. 

4.0 

.5 

.4 


Remarks. — ^The  use  of  charcoal  and  soda  ash  seemed  to  improve  the  grade  of  the 
product.    The  recovery  of  lead,  however,  was  only  fair. 

Reeults  of  test  890. 
[Head  contained  Pb,  12.1  per  cent;  Zn,  3.2  per  cent;  Fe,  11.5  per  cent.] 


Grade  of  prodnct. 

Assay  of  product. 

Recoveries. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

Lead  ooncentnte 

Percent. 
60.0 

Percent. 

4.8 

Percent. 
5.9 

Percent. 
74.9 

Percent. 
23.6 

Percent. 
7.7 

Flotation  agents. 


Soda  ash. 


Pounds 
per  ton. 

5.0 


Charcoal 1.0 

Wood  alcohol 1.0 

Flotation  Oil  &  Chemical  Co.  No.  21  coal-tar  creosote 4 

Remarks. — The  addition  of  wood  alcohol  did  not  seem  to  improve  the  grade  of  product 
or  to  increase  the  recovery.    Compare  with  test  No.  877. 

Results  cf  test  89i, 
[Head  contained  Pb,  12.1  per  cent;  Zn,  3.2  per  cent;  Fe,  11.5  per  cent. 


Orade  of  product. 

Assay  of  product. 

Recoveries. 

Pb. 

Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

T  jmH  fMiinnntmffi    

Percent. 
55.5 

Percent. 
5.6 

Percent. 
6.6 

Percent. 
77.1 

Percent. 
29.4 

Percent. 
9.7 
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Soda  ash. 


Flotatum  agents. 

Pounds 
per  ton. 

5.0 

Charooal 1.0 

Cresylic  add 4 

Flotation  Oil  &  Chemical  Ck).  No.  21  coal-tar  creosote 4 

Remarha, — The  addition  of  cresylic  add  in  place  of  wood  alcohol  seemed  to  increase 
the  recovery  somewhat,  but  the  grade  of  product  was  not  quite  so  good,  there  being 
moire  zinc  in  the  lead  concentrate. 

RemlU  of  iui  89S, 
[Head  contained  Pb,  12.1  per  cent;  Zn,  8.2  per  cent;  Fe,  11.6  per  cent.] 


Orade  of  product. 

Assay  of  product. 

Recoveries. 

Pb. 

Zn. 

Fe, 

Pb. 

Zn. 

Fe. 

liflfid  concentrate ,,.,,. -  r , , ,  r 

PercmL 
fi9.7 

PtrtmU 
6.0 

Per  cent 
5.7 

Percent. 
72.6 

Percent 
27.6 

Percent, 
7.3 

Flotation  agents. 

Pounds 
per  ton. 

Soda  ash 5.0 

Charcoal 1.0 

Wood  alcohol 1.0 

Cresylic  add , 2 

Rem/arhs. — This  test  was  run  without  oil  No.  21,  a  coal-tar  creosote,  and  the  results 
indicate  that  the  lead  recovery  was  lower  than  in  other  tests  in  which  that  oil  was  used. 

RwuUs  of  test  894. 
[Head  contained  Pb,  12.1  per  cent;  Zn,  3.2  per  cent;  Fe,  11.5  per  cent.] 


Grade  of  product. 

Assay  of  product. 

Recoveries. 

Pb. 

■ 
Zn. 

Fe. 

Pb. 

Zn. 

Fe. 

fiffad  concentrate,  r , . . . .  r  r .  r 

Percent, 
57.3 

Percent. 
5.7 

Percent. 
5.2 

Percent. 
76.7 

Percent. 

28.8 

Percent. 
7.3 

Flotation  agents. 

Pounds 
per  ton. 

Soda  ash 5.0 

Charcoal 1.0 

Alcohol 1.0 

Cresylic  add 2 

Flotation  Oil  &  Chemical  Co.  No.  21  coal-tar  creosote 4 

Remarhs. — ^With  the  coal-tar  creosote,  oil  No.  21,  the  recovery  seems  somewhat 
higher  than  in  tests  where  it  was  not  added  to  the  flotation  mixture.  Wood  alcohol 
had  very  little  effect,  if  any,  on  the  flotation  of  this  ore. 
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GEHEBAL  GOVGLTTSIOHS. 

On  the  basis  of  the  experimental  work  the  following  conclusions 
seem  justified,  so  far  as  Coeur  d'Alene  lead-zinc  ores  are  concerned : 

1.  A  complete  separation  of  the  lead  and  zinc  sulphides  by  dif- 
ferential flotation  is  impossible,  owing  to  the  intimate  association  of  the 
minerals,  as  shown  by  the  accompanying  photomicrographs. 

2.  Fine  grinding  is  essential  to  liberate  most  of  the  sulphide  min- 
erals and  to  permit  their  separation  by  differential  flotation. 

3.  A  better  recovery  is  possible  with  an  ore  that  has  been  crushed 
wet  than  with  one  that  has  been  crushed  dry. 

4.  A  pulp  density  of  about  2^:1  to  3^:1  (water  to  solids)  seems  to 
give  the  best  differential  selection  and  mineral  recovery  at  normal 
temperature. 

5.  Each  ore  seems  to  require  a  somewhat  different  flotative  mix- 
ture and  the  effect  of  a  certain  oil  or  chemical  on  one  ore  may  differ 
from  that  on  another  similar  ore. 

6.  Differential  flotation  effects  a  more  satisfactory  separation  of 
the  sulphide  minerals  than  has  been  obtained  by  existing  methods. 

7.  A  better  differential  selection  of  the  lead  from  the  zinc  sulphide 
is  effected  with  an  alkaline  or  neutral  pulp  than  with  an  acid  pulp. 

8.  The  quantity  of  the  chemical  or  flotation  agents  used  in  the 
small  scale  tests  can  be  reduced  in  large  scale  tests  or  in  practice. 

9.  Soda  ash,  sodium  hydroxide,  sodium  silicate  (water  glass),  salt, 
lime,  coal-tar  creosote,  alcohol,  gasoline,  and  charcoal  seem  to  assist 
in  the  selective  separation  and  recovjary  of  lead  sulphide  in  the 
presence  of  zinc  and  iron  sulphides.  Their  effectiveness,  however, 
may  be  modified  by  the  gangue  constituents  of  the  ore. 

10.  Copper  sulphate  or  some  other  copper  compound,  such  as 
copper  carbonate,  when  added  to  a  pulp  containing  soda  ash  after 
the  lead  concentrate  has  been  removed,  seems  to  give  good  results 
in  floating  the  zinc  mineral  in  some  of  the  Coeur  d' Alene  lead-zinc  ores. 

1 1 .  The  Bradford  SO3  process  seems  to  be  adaptable  to  the  sepa- 
ration of  the  lead  and  zinc  sulphides  of  some  of  the  lead-zinc  ores  of 
Coeur  d'Alene  district. 

12.  Certain  Coeur  d' Alene  lead-zinc  ores  should  be  amenable  to 
differential  flotation,  and  it  should  be  possible  to  obtain  good-grade 
lead  and  zinc  products  with  the  proper  flotation  mixture  imder  the 
proper  conditions,  especially  by  a  roughing  and  cleaning  system, 
as  well  as  good  recoveries  of  both  minerals. 
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PART    II.— TESTS    OF    TWO    COPPER    ORES    AND   ONE 
ANTIMONIAL  SILVER  ORE  FOR  FLOTATION. 

By  Glabbncb  A.  Wbioht,  Jamks  T.  Nokton,  and  James  C.  Pabmilbs. 

IFTEODXJCTIOir. 

This  part  of  the  present  bulletin  deals  with  the  flotation  of  three 
Idaho  ores  other  than  the  lead  and  zinc  ores  of  the  Coeur  d'Alene 
district.  The  ores  tested  for  flotation  were  a  chalcopyrite-pyrrhotite 
copper  ore  from  Latah  County;  an  antimonial  silver  ore,  the  silver 
mineral  being  principally  polybasite,  from  a  property  near  Florence, 
in  Idaho  Coimty;  and  a  copper  ore  containing  gold  and  silver,  which 
is  being  mined  near  Winchester,  in  Lewis  County.  The  tests  included 
in  the  pi^es  following  are  not  to  be  considered  as  final  information 
on  the  flotation  of  these  ores,  but  they  indicate,  and  may  suggest, 
possibilities  in  the  treatment  of  these  or  similar  ores  by  flotation. 

TESTS  OF  A  CHALCOPTBITE-PTBEHOTITE  COPPEE  OSE. 

DESCBIPTION  OF  OBB. 

The  copper  contained  in  this  ore  was  in  the  form  of  chalcopyrite 
intimately  associated  with  pyrrhotite  and  pyrite  in  a  schistose  gangue 
composed  chiefly  of  muscovite,  calcite,  quartz,  and  hornblende.  The 
chalcopyrite  was  both  coarsely  and  finely  disseminated.  Close  exami« 
nation  showed  that  some  of  the  pieces  of  chalcopyrite  contained  grains 
of  interlocked  pyrrhotite  and  pyrite,  which  indicate  the  necessity  of 
fine  grinding  in  order  to  liberate  the  chalcopyrite  from  the  other 
sulphide  minerals.  Examination  of  the  screen  products  from  a 
screen  analysis  of  the  crushed  ore  showed  that  the  material  passing 
the  200-mesh  screen  still  contained  some  chalcopyrite  mechanically 
combined  with  pyrrhotite  and  pyrite. 

A  microscopic  study  ^  of  polished  surfaces  of  this  ore  developed 
Aome  interesting  facts  in  the  association  of  chalcopyrite  and  pjnrrhotite. 
In  addition  to  occurrences  of  the  normal  chalcopyrite  and  pjnrrhotite, 
which  were  readily  identified  by  differences  in  color  and  character  of 
surface  there  were  many  areas  in  which  the  texture  presented  a 
marked  difference  from  thiett  of  either  of  these  two  minerals.  These 
areas  had  an  exceedingly  pitted  or  spongelike  surface  which  did  not 
polish  readily,  but  retained  its  peculiar  appearance  long  after  a  good 
surface  had  been  obtained  on  the  normal  chalcopyrite  and  p3rrrhotite. 
Polishing  for  a  considerable  time  finally  produced  a  surface  of  suffi- 
cient flatness  to  render  examination  possible  and  disclosed  that  these 
rough  areas  were  what  might  be  termed  '^cupriferous  pyrrhotite/' 

>  study  and  photomicrogrBpfaa  by  R.  E.  Head,  U.  8.  Bureau  of  Mines,  Salt  Lake  City,  Utah. 
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as  they  coiiBisted  of  varying  amounts  of  chalcopyrite  and  pyrrhotite, 
the  chalcopyrite  occurring  as  a  replacement  mineral  filling  the  pits 
and  cracks  in  the  pyrrhotite,  the  roughened  appearance  persisting 
until  the  replacement  was  nearly  complete.  These  semireplaced 
areas  of  pyrrhotite  were  of  considerable  size  and  the  association  of 
the  minerals  was  so  intimate  and  complex  that  separation  by  fine 
crushing  would  have  been  physically  impossible,  even  the  finest 
grains  comprising  both  pyrrhotite  and  chalcopyrite.  The  applica- 
tion of  differential  flotation  to  the  normal  unaltered  pyrrhotite  and 
chalcopyrite  was,  no  doubt,  responsible  for  the  separations  obtained, 
and  it  was  evident  that  the  difficulty  of  effecting  better  separations 
lay  in  the  material  of  complex  association  and  variable  composition. 
Careful  study  of  these  replacement  areas  showed  that  they  comprised 
mixtures  of  the  two  minerals  in  all  proportions,  ranging  from  slightly 
altered  pyrrhotite  containing  but  little  copper  sulphide  to  a  mixture 
in  which  chalcopyrite  predominated.  The  latter  would,  in  all 
probability,  separate  out  with  the  true  chalcopyrite,  whereas  those 
grains  in  which  pyrrhotite  was  the  chief  constituent  would  remain 
with  the  normal  pyrrhotite. 

The  accompanying  photomicrographs  are  included  to  bring  out  the 
intimate  association  of  the  chalcopyrite  and  pyrrhotite.  In  Plate 
Vn,  A,  the  lower  half  represents  the  normal  chalcopyrite,  and  the 
upper  half,  being  composed  largely  of  cupriferous  pyrrhotite,  shows  the 
roughened,  finely  pitted  appearance  of  the  partly  replaced  pyrrhotite. 
These  roughened  areas  represent  the  mixtures  of  the  two  sulphides 
which  would  not  be  separated  by  fine  crushing. 

Plate  VII,  By  is  a  photomicrograph  of  a  polished  section  showing 
the  relation  of  the  normal  sulphides,  the  lower  half  of  the  area  being 
chalcopyrite  and  the  upper  pyrrhotite. 

The  left  half  of  Plate  VIII,  A,  shows  chalcopyrite  that  has  almost 
completely  replaced  the  pyrrhotite,  although  remains  of  the  latter 
mineral  are  still  visible,  as  indicated  by  the  pitted  areas.  Extending 
through  the  center  of  the  section  shown  is  an  area  of  imreplaced 
pyrrhotite,  which  is  bordered  on  the  extreme  right  by  chalcopyrite. 
The  darker  mineral  in  the  lower  right  portion  is  quartz.  These 
photomicrographs  were  taken  at  low  magnifications  and  the  complex 
relations  ol  the  minerals  appear  to  represent  appreciable  areas  in  the 
ore. 

Owing  to  the  similarity  in  color  of  pyrrhotite  and  chalcopyrite,  it 
is  difficult  to  show  in  a  photomicrograph  a  marked  difference  between 
the  minerals.  Therefore  no  attempt  was  made  to  photograph  the 
crushed  material. 
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SCREEN  ANALYSIS. 

After  the  sample  had  been  crushed,  by  a  small  Blake  crusher,  to 
about  one-fourth'inch  size,  a  screen  analysis  was  made  in  a  Tyler  Bo- 
Tap  shaking  machine,  and  then  the  various  screen  products  were  ex- 
amined to  ascertain  the  fineness  of  crushing  that  would  be  necessary 
for  flotation  testing.  Results  of  the  screen  analysis  and  the  examina- 
tion of  the  screen  products  follow: 

Table  II. — Screen  analysis  of  chaleopyrite-pyrrhotite  ore. 


Sise  of  screen  opening. 

Weights. 

Mesh. 

Milli- 
meters. 

Inches. 

Grams. 

Weight 

(per 

cent). 

Cumu- 
lative 
weight 
(per 
cent). 

On 10 

14 

70 

35 

65 

100 

150 

200 

Through  200 

Loss 

1.651 
1.168 
.833 
.417 
.206 
.147 
.104 
.074 
.074 

0.065 
.046 
.0328 
.0164 
.0082 
.0058 
.0041 
.0029 
.0029 

573 
51 
88 
78 
74 
52 
34 
15 
84 
1 

57.3 
5.1 
3.8 
7.8 
7.4 
5.2 
3.4 
1.5 
8.4 
.1 

62.4 
66.2 
74.0 
81.4 
86.6 
00.0 
91.5 
99.9 
100.0 

Total...' 

1,000 

100.0 

EXAMINATION  OP  THE  SCREEN  PRODUCTS. 

Product  on  lO-^mesh  screen, — ^The  chief  minerals  observed  were 
chalcopyrite,  pyrrhotite,  pyrite,  calcite,  and  quartz,  with  minor 
amoimts  of  mica  and  hornblende.  Free  chalcopyrite  could  be  seen 
but  a  large  proportion  was  mechanically  combined  with  the  gangue 
or  other  sulphide  minerals. 

Products  on  H  and  20  mesTi  screens, — ^More  of  the  chalcopyrite  had 
been  liberated  than  in  the  previous  screen  product,  but  it  was  still 
largely  combined  with  the  pyrrhotite. 

Products  on  36  and  65  mesTi  screens, — Considerably  more  chal- 
copyrite, calcite,  and  other  minerals  had  been  liberated.  The  chal- 
copyrite and  pyrrhotite  and  possibly  pyrite  seemed  to  be  much  more 
intimately  combined  than  the  other  minerals. 

Product  on  lOO-mesh  screen. — ^Most  of  the  various  minerals  appeared 
to  be  free,  but  it  was  difficult  to  determine  definitely  to  what  extent 
the  chalcopyrite  was  still  combined  with  the  other  sulphides. 

Products  on  160y  200,  and  through  200  mesh  screens, — ^To  all  ap- 
pearances, practically  all  the  minerals  had  been  liberated,  but  the 
same  difficulty  arose  in  distinguishing  the  particles  of  chalcopyrite 
combined  with  pyrrhotite. 
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From  the  examination  of  these  screen  products,  crushing  through 
a  65-mesh  screen,  at  least,  would  seem  necessary  for  this  ore.  In  all 
the  flotation  tests  following,  therefore,  practically  all  of  the  ore  has 
been  crushed  through  such  a  screen.  A  screen  analysis  of  this  mate- 
rial for  flotation  testing  is  as  follows: 

Table  12. — Screen  analysM  of  tMUerial for  Jhtatum  testing, 
[Head  contained  Ca,  4.7  per  cent;  Fe,  15.3  per  oent;  S,  10.7  per  cent.] 


Site  of  screen  opening. 

Weights. 

A.s.says  (percent). 

Percentage  of 

total  head 

content. 

Cumulative  per 

cent  of  total  head 

content. 

Menh. 

Milli- 
meters. 

Inches. 

Weight 

(per 

cent). 

Cnniii- 

latiye 

(per 

cent). 

Cu. 

Fe. 

8. 

Cu. 

Fe. 

S. 

Cu. 

Fe. 

8. 

On 65 

a20B 
.147 
.104 
.074 
.074 

a0062 
.0066 
.0041 
.0029 
.0029 

2.0 
14.0 
27.2 

7.2 
49.2 

+.4 

"iao' 

43.2 

5a4 

99.6 

1.1 
4.6 
4.6 
4.2 
4.5 

14.7 
16.6 
16.4 
15.0 
15.5 

6.6 
11.2 

ia7 
las 
ia6 

as 

13.4 

26.0 

6.4 

47.1 

+6.6 

1.9 
15.2 
29.1 

7.1 
49.8 

-3.1 

1.2 
14.7 
27.2 

6.9 

48.7 

+  1.3 

100 

ISO 

200 

Throa^..200 

Loss  or  error 

by  differ- 

Anntt 

13.9 
39.9 
46.3 
93.4 

17.1 

46.2 

53.3 

109.1 

1&9 
43.1 

98.7 

Total... 

loao 

loao 

100.0 

100.0 

1 

Remmhs, — It  la  interestmg  to  note,  as  shown  by  the  figures  under  '^Percentage  of 
total  head  content,'^  that  the  distribution  of  copi>er  and  iron  in  the  different  screen 
products  was  practically  the  same. 

When  the  screen  products  from  the  analysis  of  the  crushed  ore 
through  a  65-me8h  screen  were  examined  the  material  on  the 
100-mesh  screen  showed  much  free  mineral  adaptable  to  flotation. 
A  certain  amount  of  combined  chalcopyrite  and  pyrrhotite,  however, 
could  be  observed.  The  material  on  the  150-me^  screen,  as  far  as 
could  be  seen  through  a  low-power  microscope,  comprised  practically 
free  mineral  particles,  although  a  few  combined  particles  of  chalco- 
pyrite and  quartz  were  noted.  Owing  to  the  intimate  association 
of  the  chalcopyrite  and  pyrrhotite,  there  was  no  doubt,  a  small 
percentage  of  interlocked  particles  of  these  two  minerals  which 
could  have  been  resolved  with  a  microscope  of  higher  power.  This 
statement  also  applies  to  the  material  on  and  through  a  200Hiieah 
screen. 

BESULTS  OF  FLOTATION  TESTS. 

When  this  ore  was  tested  for  differential  flotatiMi  mechanical 
agitation  machines  of  the  Federal-Varley  type  {see  fig.  1,  p.  9) 
were  used.  All  preliminary  or  small-scale  tests  were  run  in  a  small 
machine  capable  of  treating  1,000  grams  of  ore.  When  satisfactory 
results  were  obtained  with  this  machine  the  tests  were  repeated 
under  the  same  conditions  in  a  machine  of  the  same  type  with  a 
capacity  of  4,000  grams. 
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Several  oils  and  chemicals  were  used  testing  the  ore  for  differential 
flotation.  Certain  mixtures  gave  good  recoveries  but  relatively  low- 
grade  products,  whereas  other  mixtures  gave  much  better  products, 
effecting  a  good  differential  separation  of  the  chalcopyrite  from  the 
pyrrhotite,  but  relatively  low  recoveries.  In  testing  out  different 
mixtures  or  varying  the  quantity  of  a  certain  mixture  to  be  used,  all 
other  conditions  were  kept  constant.  After  the  flotation  agent  was 
added  the  ore  was  given  a  preagitation  for  three  to  five  minutes  at  a 
pulp  dilution  of  1  to  1,  water  to  solids.  Following  the  preagitation, 
water  was  added  to  raise  the  water  level  in  the  flotation  machine  so 
that  the  pulp  dilution  was  about  3  to  1,  water  to  soUds.  Agitation 
was  then  continued  for  10  minutes,  the  froth  being  removed  as  it 
formed.  In  some  tests  a  middling  was  taken  off  after  the  concen- 
trate had  been  removed,  more  oil  or  flotatiiHx  mixture  being  used  to 
effect  a  higher  recovery.  The  results  from  a  few  of  the  more  satis- 
factory tests  of  this  ore  are  given  below: 

RewMa  of  tett  16. 
[Head  contained  Co,  4.7  per  cent;  Fe,  15.3  per  cent] 


Concentrate. 
lUddUngri). 
Middling  (2). 
Tailing 


Grade  of  products. 


Assay  of  products. 

Beoo\ 

Cu. 

Fe. 

Cu. 

Percent. 

Percent. 

Percent. 

24.6 

31.4 

76.3 

6.0 

45.3 

17.0 

1.6 

32.7 

2.8 

.1 

3.5 

1.3 

Fe. 


PereerU. 
30.0 
40.2 
16.9 
14.8 


Flotation  agents. 


Soda  ash 

General  Naval  Stores  Co.  No.  5  pine  oil 

Standard  Chemical  Co.  No.  2  coal-tar  creosote. 


Pounds 
per  ton. 

5.0 

.4 

.2 


Remarks. — ^The  differential  separation  of  the  chalcopjrrite  from  pyrrhotite  and 
pyrite  was  fairly  good,  but  the  recovery  of  copper  was  only  fair.  The  grade  of  product 
was  good  in  view  of  the  fact  that  no  attempt  was  made  to  clean  the  first  product. 

Results  of  test  22. 
[Head  oontatned  Cu,  4.7  per  cent;  Fe,  15.3  per  cent.] 


Grade  of  products. 


Concentrate 
Middling... 
Tailing 


Assay  of  products. 


Cu. 


Percent. 

26.0 

1.2 

.8 


Fe. 


Percent. 

37.0 

4.6 

6.3 


Recoveries. 


Cu. 


Percent. 

83.0 

8.8 

11.9 


Fe. 


Percent. 
34.0 
44.4 
28.6 
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Flotation  agents. 

Poanda 
per  too. 

Sodium  hydroxide 2.0 

Mixture  (1:4)  of  Vancouver  heavy  coal-tar  and  alcohol 1. 0 

Penaacola  Tar  &  Turpentine  Co.  No.  400  wood  creosote  oil 2 

Remarks. — ^The  figures  from  this  test  indicated  a  higher  recovery  of  copper  than  in 
the  preceding  test,  No.  15,  but  the  iron  content  in  the  concentrate  was  a  trifle  higher. 
The  product,  on  the  whole,  however,  was  fairly  good. 

ResuUsofisHSl, 
[Head  contained  Co,  4.7  per  cent;  Fe,  16  J  per  cent.] 


Grade  of  products. 

Assay  of  products. 

Recoveries. 

Cu. 

Fe. 

Oa. 

Fe. 

CoDoentrate 

Percent. 

2&6 

4.6 

.6 

Percent, 

3L6 

38.4 

7.7 

Percent, 

80.2 

13.0 

0.1 

Percent. 
30.0 

IfiddUne 

33.2 

TVfling'' -r r       r           ..                      r                      ,                              

36.2 

FlataJtion  agenJts, 

Pounds 
per  ton. 

Pensacola  Tar  &  Turpentine  Co.  No.  400  wood  creosote  oil 0. 32 

Barrett  Co.  No.  2  coal-tar  creosote 1. 4 

Remarks. — ^The  results  indicated  a  product  of  good  grade  and  a  iaii  leoovery  of 

copper. 

Results  of  test  S8. 

[Head  contained  Cn,  4.7  per  cent;  Fe,  15.3  per  cent.] 


Grade  of  products. 

Assay  of  products. 

Recoveries. 

Cn. 

Fe. 

Cu. 

Fe. 

Conoentrete 

Percent. 

10.3 

4.5 

.5 

Percent. 

39.8 

83.3 

5l5 

Percent. 

82.0 

8.3 

7.1 

PercenL 
82.6 

Middling 

18.5 

TftlMng.T r-.       

24.0 

Flotation  agents  used. 

Pounds 
per  too. 

Pensacola  Tar  &  Turpentine  Co.  No.  400  wood  creosote  oil 0. 2 

Barrett  Co.  No.  2  coal-tar  creosote 35 

Remarks. — The  results  indicated  a  fair  recovery  of  copper,  but  the  iron  content  in 
the  concentrate  was  relatively  high. 

CONCLXTSION8. 

On  the  basis  of  the  experimental  work  on  this  ore,  the  following 
conclusions  seem  justified: 

1.  Because  of  the  intimate  association  of  the  chalcopyrite  and 
pyrrhotite  in  the  ore,  a  complete  separation  of  the  two  minerals  by 
gravity  or  differential  flotation  is  impossible. 
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2.  Cnishmg  the  ore  to  at  least  65-me8h  size  is  essential  to  effect  a 
good  separation  of  the  sulphite  minerals  by  differential  flotation. 

3,  A  good-grade  copper  concentrate  and  a  fair  recovery  of  copper 
can  be  effected  by  differential  flotation  with  the  proper  flotation 
mixture;  such  a  concentrate  would  assay  about  20  per  cent  copper 
and  about  30  to  35  per  cent  iron. 

TESTS  OF  AN  AirTIMOBTIAL  SILVEE  OEE. 

DESCBIFTION  OF  THE  OBE. 

The  silver  in  this  ore  was  in  the  form  of  polybasite,  a  sulphide  of 
antimony  and  silver^  which  was  finely  disseminated  throughout  a 
hard,  massive,  quartz  gangue.  The  identification  of  the  polybasite 
was  based  upon  a  study'  of  its  physical  properties  under  the  micro- 
scope and  blowpipe  tests  of  carefully  picked  material.  The  results 
of  a  qualitative  chemical  test  of  a  sample  of  this  ore  showed  only  a 
trace  of  arsenic,  but  a  comparatively  large  proportion  of  antimony. 
The  ore  also  contained  a  small  amoimt  of  argentite,  but  no  cerai^yrite 
or  other  silver  mineral  was  noted. 

Besides  the  argentite  and  polybasite,  small  amoimts  of  pyrite,  stib- 
nite,  and  magnetite  were  identified,  but  these  minerals  represented 
only  a  small  percentage  of  the  metallic  content  of  the  ore.  A  general 
assay  of  a  sample  of  the  ore  resulted  as  follows: 

Assay  of  ore  with  reference  to  silver  content. 

Gold  (ounces  per  ton) 0. 04 

Silver  (ounces  per  ton.) 8L  4 

Iron  (per  cent) 1. 13 

Sulphur  (per  cent) 15 

Insoluble  (per  cent) 97. 6 

CBUSHINO  THE  ORB    FOR  FLOTATION  TESTING. 

The  sample  of  ore  received  for  testing  purposes  was  crushed,  by 
a  small  Blake  crusher,  to  about  |-inch  size  and  then  screened.  Most 
of  the  mineral  particles  seemed  to  be  free  in  the  material  passing  a 
65-mesh  screen,  and  it  was  therefore  decided  to  crush  the  ore  to  that 
fineness  for  flotation  testing. 

A  close  examination  of  the  various  sizes  obtained  by  screening  the 
several  products  from  flotation  tests  indicated  that  the  sulphide 
minerals  were  practically  freed  from  the  gangue  by  the  crushii^,  and 
although  the  tails  showed  quartz  grains  that  carried  inclusions  of 
sulphides,  the  mineral  value  thus  lost  would  be  comparatively  negli- 
gible when  calculated  on  a  percentage  basis.     Some  sulphide  grains 

sMicroBOopic  ftTfamlnation  of  this  ore  was  made  by  B.  B.  Head,  U.  S.  Bureau  of  Mines,  Salt  Lake  City, 
Utah. 
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in  the  tailings  were  perfectly  free  from  the  gangue  and  under  the 
microscope  exhibited  no  physical  characteristics  that  would  hinder 
their  floating.  It  is  therefore  assumed  that  they  were  carried  out 
mechanically  by  the  gangue. 

BESULTS  OF  FIiOTATION  TESTS. 

In  testing  this  ore  for  flotation  the  same  procedure  was  followed 
as  in  testing  the  chalcopyrite-pyrrhotite  copper  ore. 

At  first  considerable  difficulty  was  encountered  in  trying  to  effect 
a  high  recovery  of  the  silver  by  flotation.  It  was  thought  that  some 
of  the  silver  might  be  in  the  form  of  a  chloride,  but  examination  of 
the  tailings  from  tests  showed  that  some  of  the  polybasite  mineral 
had  partly  oxidized  or  tarnished  on  the  surface,  preventing  or  inter- 
fering with  their  flotation.  This  impediment  was  overcome  to  a 
considerable  extent  by  giving  the  ore  or  pulp  a  preliminary  treatment 
with  sodium  sulphide,  which  brightened  the  mineral  particles,  and 
the  newly  formed  sulphide  coating  on  their  surfaces  permitted  the 
particles  to  float,  which  incidentally  increased  the  silver  recovery. 

Several  oils  and  chemicals  were  used  in  testing  this  ore.  Certain 
mixtiu'es  gave  fair  recoveries  with  relatively  low-grade  products, 
whereas  other  mixtures  gave  good-grade  products  with  somewhat 
lower  recoveries.  Adding  a  small  amount  of  sodium  cyanide  to  the 
flotation  mixtiu'e  seemed  to  make  the  grade  of  the  silver  product 
higher,  both  with  and  without  presulphidization  of  the  ore  pulp.  In 
testing  different  mixtures,  or  varying  the  quantity  of  a  certain 
mixtmre,  all  other  conditions  w;ere  kept  constant.  After  the  flotative 
agent  was  added  the  ore  was  given  a  preagitation  for  three  to  five 
minutes  at  a  pulp  dilution  of  1  to  1,  water  to  solids;  then  the  pie- 
agitation  water  was  added  to  raise  the  water  level  in  the  flotation 
machine,  making  the  pulp  dilution  about  3  to  1,  water  to  solids. 
Agitation  was  continued  for  10  minutes,  the  froth  being  removed  as 
it  formed. 

In  tests  where  the  ore  received  a  sulphidizing  treatment  previous 
to  flotation,  the  ore  or  pulp  of  about  1 : 1  density,  water  to  solids, 
was  placed  in  a  bottle  with  a  certain  amount  of  sodium  sulphide  and 
the  bottle  agitated  on  rollers  for  any  length  of  time  desired.  Then 
the  sulphidized  pulp  was  washed  into  the  agitating  cell  of  the  flota- 
tion machine  and  floated  in  the  usual  maimer. 


COPPElt  OSES  AITD  ANTIHONIAL  SILVER  OBB. 


57 


Results  of  test  7. 
[Head  contained  Au,  0.04  ounce  per  ton;  Ag,  81.4  ounces  per  ton.] 


Grade  of  products. 

Assay  of  products. 

Recoveries. 

Aa. 

Ag. 

Au. 

Ag. 

Concentrate 

Ounces 

per  ton. 

0.3 

Tr. 

Ounces 

per  ton. 

941.5 

10.6 

Percent. 
48.7 

Per  cent. 
75.2 

Tailing 

19.0 

Flotation  agents.  Pounds 

per  ton. 

Spencer  Co.  reeidual  kelp  oil 0. 2 

Vancouver  imperial  fuel  oil 1.0 

Remarks, — The  results  indicated  that  a  good  grade  of  silver  product  is  possible,  but 
the  recovery  of  silver  was  rather  low. 

Results  of  test  9. 
[Head  contained  Au,  0.04  ounce  per  ton;  Ag,  81.4  ounces  per  ton.] 


Grade  of  products. 

A,s.say  of  products. 

Recoveries. 

Au.      1      Ag. 

Au. 

Ag. 

Conoentiate 

Ounces 

per  ton. 

0.1 

Tr. 

Ounces 

per  ton. 

582.7 

19.4 

Per  cent. 
30.0 

Percent. 
82.3 

Tailing 

20.9 

Flotation  agent.  Pounds 

per  ton. 

Turpentine-rosin  mixture  (5:1) 0.6 

Remarks. — Results  showed  a  rather  low  grade  of  silver  product  and  a  fair  recovery. 
The  mixture  of  turpentine  and  rosin  was  a  strong  frothing  agent. 

ReHUts  of  tester. 
(Head  contained  Au,  0.04  ounce  per  ton;  Ag,  81.4  ounces  per  ton.] 


Grade  of  products. 

A.ssay  of  products. 

Recoveries. 

Au. 

Ag. 

Au. 

Ag. 

Concentrate 

Ounces 

per  ton. 

0.4 

Tr. 

Ounces 

per  ton. 

1,235.8 

24.4 

Percent. 
47.5 

Percent. 
73.0 

Tailing 

28.5 

Flotation  agents. 
Sodium  cyanide 

Pounds 
per  ton. 

..       0.5 

..       1.0 

.  (> 

Cleveland  Cliffs  No.  2  wood  creosote 

Standard  Chemical  Co.  No.  3  coal-tar  creosote 

Remarhs. — ^The  results  showed  a  good  grade  of  silver  product,  but  a  rather  low  recov- 
ery. The  addition  of  a  small  amount  of  sodium  cyanide  to  the  flotation  mixture 
aeemed  to  improve  the  grade. 
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(Concentrate. 
Tailing 


Results  of  test  t6, 
[Head  contained  Au,  0.04  ounce  per  ton;  Ag,  81.4  ounces  per  ton.] 


Grade  of  products. 


Assay  of  products. 


Au. 


Ounces 

per  ton. 

0.15 

Tr. 


Ag. 


Ounces 

per  ton. 

496.5 

14.5 


Reoovoles. 


An. 


Percent. 
50.0 


Ag. 


Percent. 
81.8 
15.3 


Flotation  agents.  Pounds 

per  ton. 

Sodium  sulphide  (1  hour) 0. 5 

Cleveland  Cliffs  No.  2  wood  creosote 2. 0 

Standard  Chemical  Co.  No.  3  coal-tar  creosote 6 

Remarks. — ^The  results  indicated  that  a  sulphidizing  treatment  of  the  ore  previous 
to  flotation  increased  the  silver  recovery. 

Results  of  test  SO. 
[Head  contained  Au,  0.04  ounce  per  ton;  Ag,  81.4  ounces  per  ton.] 


Grade  of  products. 


(Concentrate. 
Tailing 


Assay  of  products. 


Au. 


Ounces 

per  ton. 

0.2 

Tr. 


Ag. 


Ounces 

per  ton. 

607.8 

13.0 


Recoveries. 


Au. 


Percent. 
67.6 


Ag. 


Percent, 
83.0 
13.9 


Flotation  agents.  Pounds 

pertoiL 

Sodium  sulphide  (1  hour) 1. 0 

Cleveland  Cliffs  Co.  No.  2  wood  creosote 1. 4 

Standard  Chemical  Co.  No.  3  coal-tar  creosote 6 

Remarks. — ^By  doubling  the  amount  of  sodium-sulphide  used  in  the  preceding  test^ 

No.  26,  the  recovery  was  increased  a  trifle.    The  grade  of  the  product  was  about  the 

same. 

Results  of  test  37. 

[Head  contained  Au,  0.04  ounce  per  ton;  Ag,  81.4  ounces  per  ton.] 


Grade  of  products. 

Assay  of  products. 

Recoveries. 

Au. 

Ag. 

Au. 

Ag. 

Concentrate 

Ounces 

per  ton. 

0.2 

Tr. 

Ounces 

per  ton. 

601.8 

13.4 

Percent. 
57.5 

Percent. 
8&0 

TaHinc 

14.5 

Flotation  agents.  Pounds 

per  ton. 

Sodium  sulphide  (2  hours) 1. 5 

Cleveland  Cliffs  Co.  No.  2  wood  creosote 1. 4 

Standard  Chemical  Co.  No.  3  coal-tar  creosote 0. 6 
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Bemarks. — ^Increafling  the  amount  of  sodium  sulphide  and  the  length  of  time  of 
agitation  for  sulphidizing  gave  a  higher  recovery  than  in  previous  tests.  Also,  the 
grade  of  the  product  was  improved. 

Results  of  test  39. 
[Head  oontalxied  Au,  0.04  ounce  per  ton;  Ag,  81.4  ounces  per  ton.] 


Grade  of  products. 


Conoentrate. 
Tailing 


Assay  of  products. 


Au. 


Ounces 

per  ton. 

0.2 

Tr. 


Ag. 


Ounces 
per  ton. 
630.7 
12.4 


Beooveries. 


Au. 


Percent. 
55.0 


Ag. 


Percent. 
85.2 
13.5 


Flotation  agents.  Pounds 

per  ton. 

Sodium  sulphide  (8  houis) 1. 5 

Geveland  Cliffs  Co .  No .  2  wood  creosote 1.4 

Standard  Chemical  Co.  No.  3  coal-tar  creosote 6 

Remarks. — ^The  results  indicated  that  lengthening  the  time  of  agitation  for  sul- 
phidizing to  eight  hours  and  keeping  the  amount  (1.5  pounds  per  ton)  of  sodium  the 
same,  gave  a  recovery  and  grade  ahout  the  same  as  in  the  preceding  test,  No.  37. 

Results  of  test  41 . 
[Head  contained  Au,  0.04  ounce  per  ton;  Ag,  81.4  ounces  per  ton.] 


Grade  of  products. 


Conoentrate. 
TaiUng 


Assay  of  products. 


Au. 


Oun^s 

per  ton. 

0.16 

Tr. 


Ag. 


Ounces 

per  ton. 

551.7 

12.7 


Recoveries. 


Au. 


Percent. 
56.0 


Ag. 


Percent. 
92.2 


Flotation  agents.  Pounds 

per  ton. 

Sodium  sulphide  (1  hour) 2. 0 

Cleveland  Cliffs  No.  2  wood  creosote 1. 4 

Standard  Chemical  Co.  No.  3  coal-tar  creosote 6 

Remarks. — Sulphidization  with  2  pounds  of  sodium  sulphide  seemed  to  give  a 
higher  recovery  than  the  use  of  1  pound.  For  comparison  see  test  No.  30,  on  page  58. 
The  grade  of  product  was  about  the  same. 

ResuUs  of  test  U. 
[Head  contained  Au,  0.04  ounce  per  ton;  Ag,  81.4  ounoes  per  too.] 


Grade  of  products. 

Assay  of  products. 

Recoveries. 

Au. 

Ag. 

Au. 

Ag. 

Conoentrate 

Ounces 
per  ton, 
0.2 
Tr. 

Ounces 

per  ton. 

655.5 

12.3 

Percent. 
55.0 

Percent. 
flO.2 

Tailfng 

13.4 
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Flotation  agents.  Pounds 

per  ton. 

Sodium  sulphide  (8  hours) 2.0 

Cleveland  Cliffs  No.  2  wood  creosote 1.4 

Standard  Chemical  Co.  coal-tar  creosote 6 

Remarks, — Using  2  pounds  of  sodium  sulphide  and  increasing  the  time  of  sulphidiz- 
ing  to  eight  hours  seemed  to  improve  the  grade  of  product  somewhat,  but  the  recovery 
of  silver  remained  about  the  same.  For  comparison  see  the  preceding  tests  Noe. 
39  and  41. 

Results  of  test  51, 

[Head  contained  Au,  0.04  ounce  i>er  ton;  Ag,  81.4  ounces  per  ton.] 


Grade  of  products. 

Assay  of  products. 

Recoveries. 

Au. 

Ag. 

Au. 

Ag. 

Concentrate 

Ounces 

per  ton. 

0.27 

Tr. 

Ouneet 

per  ton. 

888.1 

15.7 

Percent. 
51.3 

Percent. 
81.5 

Tailing 

17.8 

Flotation  agents.  Pounds 

per  ton. 

Sodium  sulphide  (1  hour) 2.0 

Cleveland  Cliffs  Co.  No.  2  wood  creosote 75 

Standard  Chemical  Co.  No.  3  coal-tar  creosote 3 

Remarks. — Four  times  as  much  material  (4,000  grams)  was  used  as  in  test  No.  41. 

{See  p.  59.)    The  amount  of  sodium  sulphide  was  the  same  as  in  that  test,  but  only 

half  the  quantity  of  flotation  oils  was  used.    The  results  indicated  a  fair  product  but 

a  relatively  low  recovery. 

Results  of  test  62, 

[Head  contained  Au,  0.04  ounce  per  ton;  Ag.  81.4  ounces  per  ton.] 


Grade  of  products. 

Assay  of  products. 

Recoveries. 

Au. 

Ag. 

Au. 

Ag. 

Concentrate 

Ouneet 

per  ton. 

0.25 

Tr. 

Ounces 

per  ton. 

819.6 

5.8 

Percent. 
67.6 

Percent. 
93.1 

Tuning ,  , 

6.4 

Flotation  agents. 


Sodium  sulphide  (8  hours) 

Cleveland  Cliffs  Co.  No.  2  wood  creosote 

Standard  Chemical  Co.  No.  3  coal-tar  creosote. 


Pounds 
per  ton. 

2.0 

,75 

.3 


Remarks. — Increasing  the  time  of  sulphidizing  seemed  to  effect  a  higher  recovery 
of  the  silver,  but  the  grade  of  product  remained  about  the  same  as  for  test  No.  51. 
The  results  indicated  a  fair  product  and  good  recovery. 
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Grade  of  products. 

Assay  of  products. 

Recoveries. 

Au. 

Ag. 

Au. 

Ag. 

Concentrate 

Ounces 

per  ton. 

0.79 

Tr. 

Ounees 

per  ton. 

1,425.5 

13.0 

Percent. 
40.4 

Percent, 
81.4 

Tail*  nR. 

15.2 

Flotation  agents.  Pounds 

per  ton. 

Sodium  sulphide  (8  hours) 2. 0 

Sodium  cyanide 5 

Cleveland  Cliffs  Co.  No.  2  wood  creosote 75 

Standard  Chemical  Co.  No.  3  coal-tar  creosote 3 

Remarks, — Comparison  of  these  results  with  those  of  the  preceding  test,  No.  52,  seems 
to  indicate  that  the  addition  of  sodium  cyanide  improved  the  grade  of  the  product  but 
towered  the  recovery. 

CONCIilT  SIGNS. 

On  the  basis  of  the  experimental  work  on  this  ore  the  following 
conclusions  seem  justified: 

1.  This  ore  is  amenable  to  flotation. 

2.  Pretreatment  of  the  ore  by  sulphidization  with  sodium  sulphide 
improves  the  silver  recovery. 

3.  Treatment  of  flotation  tailings  on  tables  would  seem  advisable 
if  much  of  the  silver  mineral  is  oxidized,  and  might  eliminate  the 
sulphidizing  of  the  ore. 

4.  Use  of  sodium  cyanide  with  the  flotation  agents  seems  to  improve 
the  grade  of  product. 

5.  It  would  seem  advisable  to  make  first  a  high  recovery  of  silver 
without  cyanide,  then  to  retreat  the  first  flotation  concentrate  with  a 
small  quantity  of  cyanide  in  order  to  improve  the  grade  of  the 
product. 

TESTS  OF  A  GOLD  AITD  SILVEB  BEABIirG  GOPPES  OBE. 

DESGBIPTIGN  GF  GBE. 

The  work  on  this  ore  included  experiments  to  ascertain  the  flota- 
tion agents  best  suited  to  effecting  a  good  grade  of  product  and  a 
high  recovery  of  the  copper  as  well  as  the  gold  and  silver. 

In  general,  the  four  samples  of  ore  submitted  for  investigation  con- 
tained principally  copper  in  the  form  of  chalcopyrite,  with  minor 
amounts  of  bornite  and  chalcocite,  and  pyrite  in  a  quartzitic  gangue. 
Other  minerals  identified  were  malachite  and  azurite.  The  quartz 
gangue  of  samples  2  and  4  was  more  or  less  coated  with  iron  rust. 
Relatively  large  pieces  of  clean  chalcopyrite  or  bomite  were  not  com- 
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men,  most  of  the  copper-bearing  minerals  being  finely  disseminated 
through  the  gangue.  Chemical  analyses  were  made  of  each  sample 
with  the  following  results: 

Chemical  analyses  of  the  ore. 


Co per  cent. . 

Fe do.... 

Pb do... 

Zn. do. . . 

8-- do.... 

Au oanoesperton.. 

Ag do 

CaO percent., 

IteO .VT.do.... 

AljOj do 

SiOi do.... 


Sample 

Sample 

Sample 

1. 

2. 

3. 

3.0 

1.4 

3.0 

5.7 

3.2 

6.4 

Tr. 
.2 

.4 

1.1 

2.5 

1.2 

2.8 

.12 

.2 

.32 

1.26 

.49 

2.6 

6.0 

7.4 

7.2 

.26 

.7 

.6 

6.1 

7.0 

4.1 

74.6 

77.9 

76.0 

Sample 
4. 


1.8 
3.6 


.4 
2.2 

.65 
2.35 
4.3 

.2 

2.8 

86.1 


Examination  of  polished  sections  of  this  ore  under  the  microscope 
indicated  that  it  was  composed  chiefly  of  copper-bearing  sulphides 
with  chalcopyrite  as  the  predominating  mineral.*  The  chalcopyrite 
was  considerably  fractured  and  was  cut  by  numerous  veins  and 
stringers  filled  with  chalcocite  of  the  so-called  ''blue''  variety. 
In  addition  to  the  sulphides,  the  ore  carried  copper  in  the  form  of  the 
carbonates  malachite  and  azurite,  which  were  present  in  only  small 
amounts  in  the  samples  examined  microscopically.  Small  amounts 
of  hematite  and  magnetite  were  also  noted.  Under  the  microscope 
the  crushed  ore  grains,  represented  by  samples  of  the  concentration 
products,  appeared  free  from  gangue  and  the  minerals  separated 
from  each  other,  nothing  that  would  hinder  successful  flotation 
being  foxmd. 

Plate  VIII,  -B  (p.  51),  a  photomicrograph  of  a  poUshed  surface  of 
the  ore,  shows  the  relation  of  the  chalcopyrite  and  chalcocite,  the 
latter  being  the  darker  and  occurring  in  fractures  and  veinlets  in  the 
chalcopyrite. 

SCREEN   ANALYSIS. 


Owing  to  the  similarity  in  copper  and  iron  content,  samples  1  and  3 
were  mixed,  as  well  as  2  and  4.  Head  samples  of  these  were  assayed 
and  the  results  taken  as  a  basis  for  calculations  in  the  ensuing  tests. 
The  results  of  these  assays  were  as  follows: 

Anahfses  of  mixed  samples.  Samples    Samples 

1  and  3.      2  and  4. 

Copper per  cent. .  3. 0  1.  7 

Iron do 5. 0  3. 1 

Gold ounces  per  ton. .  .24  .36 

Silver do 1.  54  1. 35 

«Mlcro9Coplc  examination  made  by  R.  E.  Head,  V.  S.  Bureau  of  Mines,  Salt  liake  City,  Utah. 
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Samples  of  lots  1  and  3  were  taken,  for  a  screen  analysis,  each 
screen  product  being  assayed  to  determine  the  distribution  of  copper 
and  iron.  The  screen  analysis  was  made  in  a  Tyler  Ro-Tap  shaking 
machine.     Results  are  given  in  Table  2. 

Table  13. — Screen  analysis  of  samples  1  and  3  of  the  copper  ore. 
[Head  contaiDed  Cu,  3  per  cent;  Fe,  5.5  per  cent.] 


Size  of  screen  opening. 

Weights. 

Assays  (per 
cent). 

Percentage 

of  total  head 

content. 

Cumulative 

per  cent  cf 

total  head 

content. 

■  ■■ 

Mesh. 

MUli- 
meters. 

Inches. 

Per 
cent. 

Cnmti- 

lative 

per 

cent. 

Cu. 

Fe. 

5.5 
5.5 
5.2 
5.5 
6.1 
6.7 
6.3 
6.7 

Cu. 

Fc. 

Cu. 

Fe. 

On 28 

0.589 
.417 
.295 
.208 
.147 
.104 
.074 
.074 

0.232 
.0164 
.0116 
.0082 
.0058 
.0041 
.0029 
.0029 

65.2 
8.8 
6.2 
4.7 
3.2 
3.0 

.8 
7.2 

.9 

'"74.'6* 
80.2 
84.9 
88.1 
91.1 
91.9 
99.1 

2.7 
3.0 
3.2 
3.3 
3.5 
3.7 
3.5 
4.2 

68.9 
8.7 
6.7 
4.7 
3.7 
3.3 
1.0 

10.7 
+2.3 

65.3 
8.7 
5.8 
4.7 
3.5 
3.1 
.9 
8.4 

-0.4 

35 

48 

65 

100 

150 

200 

Through 200 

IXHs  or  error  by  difference 

67.6 
74.3 
79.0 
82.7 
86.0 
87.0 
97.7 

74.0 
79.8 
84.6 
88.0 
91.1 
02.0 
100.4 

Total 

100.0 

100.0 

100.0 

Head 

3.0 

5.5 

1 

EXAMINATION  OF  SCREEN  PRODUCTS. 

Products  on  28  and  35  mesh  screens. — ^A  small  amount  of  clean 
chalcopyrite  could  be  seen,  although  most  of  the  mineral  was  com- 
bined with  quartz.  A  few  pieces  of  quartz  stained  with  oxides  of 
copper  and  iron  were  likewise  noted. 

Products  on  JfS  and  65  mesh  screens. — ^Most  of  the  chalcopyrite, 
pyrite,  and  quartz  minerals  were  free,  although  a  small  number  of 
mineral  particles  were  still  mechanically  combined. 

Products  on  lOO-mesh  screen. — Practically  no  mechanically  com- 
bined mineral  particles  were  visible.  In  addition  to  the  minerals 
already  mentioned  malachite  and  bomite  were  noted.  All  particles 
seemed  to  have  more  of  a  flat  and  anglilar  shape  than  those  in  the 
coarser  products. 

Products  on  150  and  200  and  through  200  mesh  screens. — No  com- 
bined mineral  particles  were  seen. 

This  examination  of  the  various  screen  products  indicated  the  ad- 
visability of  crushing  the  material  through  a  65-mesh  screen  for 
flotation,  as  practically  no  combined  mineral  was  observed  in  the 
material  on  the  100-mesh  screen. 
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BEST7LTS   OF  FLOTATION  TESTS. 

The  same  procediire  was  followed  as  in  previous   tests.     The 
results  from  a  few  of  the  better  tests  on  this  ore  are  given  below: 

Results  of  test  12. 
[Head  contained  Cu,  3  per  cent;  Fe,  5  per  cent;  Au,  0.28  ounce  per  ton;  Ag,  1.58  ounces  per  t<m.J 


Grade  of  products. 

Assay  of  products. 

Recoveries. 

Cu. 

Fe. 

Au. 

Ag. 

Cu. 

Fe. 

Au. 

Ag. 

Concentrate 

Percent. 

21.4 

.8 

Percent. 

20.2 

2.9 

Ounces 

per  ton. 

1.24 

Ounces 
per  ton. 
11.9 

Percent. 
83.4 
21.0 

Percent. 
47.3 
50.5 

Per  cent. 
51.8 

Per  cent. 
87.4 

T^iliniT 

Flotation  agents.  Pounds 

pertoQ. 

Sodium  hydroxide 2. 0 

Mixture  (1 :4)  of  Vancouver  (dark)  coal-tar  creosote  and  wood  alcohol 1.5 

General  Naval  Stores  Co.  No.  5  s.  d.  pine  oil 0. 08 

Remarks. — A  fair  grade  of  copper  concentrate  and  a  good  recovery  of  the  copper 
and  silver  were  obtained,  but  the  gold  recovery  was  low. 

Results  of  test  14. 
[Head  contained  Cu,  3  per  cent;  Fe,  5  per  cent;  Au,  0.28  ounce  per  ton;  Ag,  1.58  ounces  per  ton.] 


Grade  of  products. 

Assay  of  products. 

Recoveries. 

Cu. 

Fc. 

Au. 

Ag. 

Cu. 

Fc. 

Au. 

Ag. 

Concentrate 

Per  cent. 

18.8 

.5 

Per  cent. 

19.4 

2.9 

Ounces 

per  ton. 

1.24 

Ounces 
per  ton. 
10.5 
.2 

Per  cent. 
87.8 
14.3 

Per  cent 
54.4 
50.0 

Per  cent. 
62.2 

Per  cent. 
93.0 

TftiiiTip    , 

10.8 

Flotation  agents. 


Pounds 
per  ton. 

0.8 
.6 


Barrett  Co.  No.  633  coal-tar  creosote 

Pensacola  Tar  &  Turpentine  Co.  No.  400  wood  creosote  oil 

Remarks. — The  grade  of  the  copper  concentrate  was  fair  and  the  recovery  of  the 
copper  and  silver  was  good,  but  the  recovery  of  gold  was  low. 

Results  of  test  16. 
[Head  contained  Cu,  3  per  cent;  Fe,  5  per  cent;  Au,  0.28  ounce  per  ton;  Ag,  1.58  ounces  per  ton.] 


Grade  of  products. 

Assay  of  products. 

Recoveries. 

Cu. 

Fe. 

Au. 

Ag. 

Cu. 

Fe. 

1 
Au.             Ag. 

Concentrate 

Per  cent. 

23.2 

7.4 

.2 

Pe,  cent, 
24.9 

Ounces 
per  ton. 
1.72 

Ounces 
per  ton. 
12.6 
4.9 
.16 

Per  cent. 

77.5 

10.4 

5.7 

Per  cent. 

50.0 

5.2 

50.0 

Percent.   Percent, 
61.  0            79. 0 

Middling 

9.  1  1            .4 
2. 9              Tr. 

5.  4             11.  4 

Tailing 

1             8.S 
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Flotation  agents.  Pounds 

per  ton. 

Sodium  hydroxide 1 

Mixture  (1 :4)  of  Vancouver  coal  tar  (heavy  )  and  wood  alcohol 1 

Remarks. — ^The  grade  of  the  copper  concentrate  was  good,  but  the  recover}'  of  copper 
was  only  fair. 

Results  of  test  17. 

[Head  contained  Cu,  3  per  cent;  Fe,  5  per  cent;  Au,  0.28  ounce  pep  ton;  Ag,  1.58  ounces  per  ton.] 


Grade  of  products. 

Assay  of  products. 

Recoveries. 

Cu. 

Fe. 

Au. 

Ag. 

Cu. 

Fe. 

Au. 

Ag. 

Concentrete 

Percent. 

20.2 

2.9 

.4 

Percent. 

20.9 

6.6 

3.0 

Ounces 

per  ton. 

1.64 

.20 

Tr. 

Ounces 
per  ton. 
9.1 
2.0 
.05 

Percent. 

83.4 

4.3 

11.0 

Percent. 

52.0 

5.8 

49.5 

Ounue 
per  ton. 
71.4 
3.6 

Ounces 
per  ton. 
71.5 

Middling 

5.1 

Tilling.   . 

26.0 

Flotation  agents.  Pounds 

per  ton. 

Sodium  hydroxide 1.0 

Imperial  fuel  oil 1.0 

Pensacola  Tar  &  Turpentine  Co.  No.  400  wood  creosote  oil 8 

Remarks. — The  grade  of  the  copper  concentrate  and  the  recoveries  of  copper,  gold, 

and  silver  were  fair. 

CONCIitJ  SIGNS. 

On  the  basis  of  the  experimental  work  on  this  ore  the  following 
conclusions  seem  justified: 

1.  This  copper  ore,  on  the  basis  of  the  tests  on  the  sample,  is 
amenable  to  flotation. 

2.  Copper  concentrate  of  good  grade  with  high  recoveries  of  the 
copper  and  silver  are  possible  by  flotation. 

3.  The  silver  and  gold  seem  to  follow  the  copper. 

4.  Mechanical  agitation  machines  will  give  good  results. 

5.  A  pulp  density  of  3  of  water  to  1  of  ore  seems  to  be  best. 

6.  An  alkaline  pulp  responds  more  readily  to  flotation  than  an 
acfd  pulp. 
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THE  ELECTBOTHEBMIC  METALLUEGY  OF  ZINC. 


By  B.  M.  O'Hakra. 


nrrKODTrcTioH. 

Zinc  smelting  is  frequently  termed  a  backward  art.  The  term  is 
hardly  true,  for  great  progress  has  been  made  in  recent  years  in  the 
design  and  in  the  thermal  efficiency  of  the  retort  furnace,  in  the 
quality  of  retorts,  in  the  recovery  of  zinc,  and  in  the  ability  to  treat 
more  impure  and  complex  ores.  The  fact  remains,  however,  that 
the  peculiar  physical  and  chemical  properties  of  zinc  have  delayed 
such  immense  advances — ^large  smelting  units,  high  recovery,  low- 
unit  costs,  and  ability  to  treat  low-grade  ores — as  have  been  made 
in  the  metallurgy  of  lead  and  copper. 

In  current  retort-smelting  practice,  the  ores,  if  carbonates,  are 
calcined  to  remove  carbon  dioxide;  or,  if  sulphides,  are  roasted  to 
remove  sulphur.  The  sulphur  must  be  eliminated  as  completely  as 
possible,  usually  to  less  than  1  per  cent.  This  means  that  the  roast 
must  be  continued  for  a  long  time  at  a  high  temperature,  with  re- 
sulting high  cost  and  small  capacity  per  furnace.  The  roasted  ore 
is  mixed  with  about  50  per  cent  of  its  weight  of  reducer,  which  may 
be  fine  coke,  anthracite,  or  nonbituminous  coal.  This  mixture  is 
charged  into  horizontal  fire-clay  retorts.  The  retorts  used  in  this 
country  are  about  8  inches  in  internal  diameter  by  4  feet  in  length 
and  hold  60  or  60  pounds  of  ore.  The  diameter  of  the  retort  is 
limited  by  the  time  required  for  the  heat  to  penetrate  to  the  center 
of  the  charge ;  the  length  by  the  strength  of  the  retort,  which  at  the 
high  temperature  employed  can  not  support  the  weight  of  the  charge 
if  the  span  is  more  than  about  50  inches.  The  retorts  are  heated 
externally  by  coal,  natural  gas,  or  producer  gas  to  a  temperature 
of  1,200°  C.  or  more.  The  zinc  oxide  is  reduced  to  zinc,  which  is 
volatile  at  this  temperature,  and  passes  into  a  conical  fire-clay  con- 
denser attached  to  one  end  of  the  retort,  where  it  condenses  to  liquid 
zinc  and  is  removed.  Twenty-four  hours  are  required  for  distilla- 
tion, and  because  of  the  low  heat  conductivity  of  the  retort  walls  and 
of  the  ore  charge  itself,  the  heat  efficiency  even  of  the  most  modern 
regenerative  furnaces  is  only  about  12  per  cent.  The  retorts  have  a 
short  life,  30  to  60  days,  at  the  high  temperature  required;  zinc 
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losses  are  heavy,  usually  10  per  cent  or  more;  and  the  proportion 
of  impurities  in  the  retort  charge  must  be  carefully  controlled  to 
prevent  the  rapid  corrosion  of  retorts. 

For  these  reasons,  much  work  has  been  done  in  an  effort  to  find 
cheaper  and  more  efficient  methods  of  recovering  zinc  from  its  ores. 
Various  methods  have  been  proposed  for  smelting  in  the  blast  fur- 
nace. Some  of  these  contemplated  the  production  of  zinc  vapor 
and  its  condensation  to  liquid ;  others  attempted  to  produce  liquid 
zinc  directly  by  smelting  under  pressure.  It  is  now  realized  that 
fundamental  difficulties  render  these  proposals  impracticable. 

The  electric  furnace  for  smelting  offers  obvious  advantages  in  the 
way  of  the  efficient  utilization  of  energy,  large  units,  easy  attain- 
ment of  high  temperatures,  and  the  possibility  of  treating  complex 
ores. 

E.  H.  and  A.  H.  Cowles  first  suggested  a  design  for  an  electric 
furnace  for  the  reduction  of  zinc  ores  and  patented  their  process 
in  1885.  Their  attention  was  soon  directed  to  other  uses  for  their 
furnace  and  nothing  further  of  importance  was  done  in  the  electric 
smelting  of  zinc  until  about  1900.  Several  investigators  then  started 
work  upon  various  processes  and  had  more  or  less  success.  The 
chief  difficulty  they  encountered  was  the  impossibility  of  obtaining 
more  than  a  small  amount  of  the  zinc  as  liquid  metal  because  most 
of  the  zinc  vapor  condensed  as  blue  powder.  Interest  in  the  elec- 
trothermic  metallurgy  of  zinc  increased,  many  patents  on  processes 
and  furnace  design  were  taken  out,  and  the  literature  on  the  subject 
grew,  tmtil  in  1914  and  1915  the  problem  seemed  to  be  approaching 
solution.  About  this  time  the  hydrometallurgy  of  zinc,  the  devel- 
opment of  which  had  been  lagging  somewhat  behind  that  of  the 
electrothermic  metallurgy,  sprang  into  the  limelight  and  a  commer- 
cial process  was  soon  perfected.  This  rapid  development,  perhaps 
aided  by  the  war  premium  on  the  high-grade  spelter  produced  by 
electrolytic  deposition,  distracted  attention  from  electric  smelting  to 
some  extent,  though  progress  continued. 

With  the  perfection  and  standardization  of  the  electrolytic  process 
has  come  a  better  realization  of  its  limitations,  especially  the  neces- 
sity for  large-scale  operation  and  the  difficulty  of  obtaining  high 
extraction.  Because  of  these  limitations  the  electrothermic  metal- 
lurgy of  zinc  still  has  a  field  of  its  own  and  in  fact  promises  to  be- 
come a  strong  competitor  of  both  hydrometallurgy  and  retort  smelt- 
ing except  imder  conditions  highly  favorable  to  the  latter  methods. 

Because  of  the  imperfections  of  the  retort  and  electrolytic  processes 
and  the  promise  that  the  electric  furnace  offers  in  overcoming  these 
imperfections,  the  United  States  Bureau  of  Mines,  in  cooperation 
with  the  Missouri  School  of  Mines  and  Metallurgy,  has  undertaken  a 
study  of  the  electrothermic  metallurgy  of  zinc. 
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As  a  first  step  in  this  investigation  the  literature  was  reviewed 
thoroughly.  This  literature  is  voluminous,  but  consists  mostly  of 
patents  and  of  articles  in  various  periodicals  and  publications  of 
technical  societies.  No  adequate  compilation  of  the  literature  exists^ 
so  it  is  difficult  for  one  not  having  much  time  at  his  disposal  to  acquire 
a  comprehensive  knowledge  of  what  has  been  accomplished.  In 
order  ttiat  the  results  of  the  preliminary  study  may  be  available  in 
convenient  form  for  the  industry  in  general,  and  especially  for  those 
who  wish  to  undertake  further  investigations  on  their  own  account, 
a  short  review  of  the  work  done  and  the  results  obtained  by  previous 
investigators  is  presented. 

For  the  purpose  of  this  review,  the  literature  has  been  drawn  on 
so  freely  that  proper  acknowledgment  of  most  of  the  sources  is  not 
possible.  The  reader  is  therefore  referred  for  further  information 
to  the  selected  bibliography  which  is  appended,  or  to  the  complete 
"  Bibliography  on  the  Electrothermic  Metallurgy  of  Zinc,"  Bulletin 
of  the  Missouri  School  of  Mines  and  Metallurgy,  volume  6,  No.  2. 

TYPES  OF  ZXECTBIC  FTTB17ACES. 

The  various  furnaces  that  have  been  used  for  smelting  zinc  ores 
might  be  classified  as  direct-resistance,  indirect-resistance,  radiating- 
arc,  and  buried-arc  types ;  as  continuous  and  intermittent  types;  or  as 
slagging  and  dry  distillation  types.  The  various  processes  may  be 
divided  into  reduction  processes,  reducing  the  roasted  ore  with 
carbon,  as  in  retort  practice;  and  precipitation  processes,  in  which 
the  raw  sulphide  ore  is  treated  with  copper,  iron,  or  lime  and  carbon. 
It  has  seemed  better,  rather  than  follow  any  of  these  classifications  in 
describing  the  different  furnaces  and  methods,  to  discuss  them  in  the 
approximate  chronological  order  of  tlieir  development,  beginning 
with  the  Cowles  furnace,  thus  giving  something  of  a  historical  view 
of  the  evolution  of  the  whole  subject. 
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COWLBS  BBOTHEBS'  PROCESS. 

The  first  electric  furnace  for  the  smelting  of  zinc  ores  was  that  of 
E.  H.  and  A.  H.  Cowles,  who  patented  their  proceas  in  1885.  This 
furnace  consisted  of  a  cylindrical  retort  A  (fig,  1)  made  of  silica  or 
other  nonconducting  material,  and  similar  in  form  to  the  ordinary 
Belgian  retort,  surrounded  by  heat-insulating  material,  B.  The  rear 
end  of  the  retort  cylinder  was  closed  by  a  carbon  plate  C,  which 
formed  the  positive  electrode,  and  the  outer  end  by  an  inverted 
graphite  crucible  D,  which  formed  the  negative  electrode  and  served 
as  a  condenser  for  the  zinc  vapor.    The  mouth  of  the  crucible  was 


FioDHB  1. — CovIm  Brothen'  lDniac«  (U.  S.  Patent  SlSTaS)  ;  A,  Crtindtlcal  retort;  B, 
beat-hiBDlatiiiK  malarial;  (T,  carboo  plate,  forming  positive  cieetrode;  D.  tuTerted 
graphite  crculble,  [ormlng  negative  electiode;  d,  opcnlitg  In  upper  dde  ot  crnciUo  In- 
side retort ;  £,  pipe  for  sBcape  o(  guea. 

closed  with  a  luting  of  clay,  or  otherwise,  and  the  opening  d  in  tlie 
upper  side  of  the  crucible  inside  the  retort  formed  a  passage  for  the 
zinc  vapor  from  the  retort  into  the  condenser.  The  pipe  E  permitted 
the  escape  of  gases  from  the  condenser. 

In  operation,  t^  roasted  zinc  ore  was  mixed  with  granular  carbon, 
to  serve  as  reduction  material  and  to  carry  the  current,  and  charged 
into  the  retort.  The  plug  D  was  removed  for  the  purpose.  The  re- 
tort was  charged  nearly  full  and  a  small  space  left  along  the  top. 
The  current  was  passed  through  the  charge,  heating  it  to  dietillation 
temperature;  the  zinc  vapor  was  then  condensed  in  the  graphite 


THE  DE  LAVAL  PROCESS.  5 

crucible  and  recovered.  A  modification  was  also  described  which 
provided  more  convenient  means  of  charing  and  dischat^ng  the 
retort. 

No  further  attempt  was  made  to  develop  this  furnace  for  smelting 
zinc  ores,  although  the  principle  was  used  extensively  in  the  produc- 
tion of  aluminum  and  other  difficultly  reducible  metals. 

THE  DE  LA.TAL  PB0CE88  iSB  EIXCIXIC  ZIKC  SUELTDTa  IN 

SCANDINATIA. 

EAJbLT  HISTOB.Y. 

About  16d8,  C.  Cr.  P.  de  Laval  became  interested  in  the  electric 
smelting  of  zinc  ores  and  a  few  years  later  obtained  patents  on  a 
furnace  for  this  purpose.  His  first  furnaces  were  of  the  contioous- 
smelting  arc  type  shown  in  Figure  2. 


FicuBi  S. — De  Laral  radlatlng-arc  f 

t.  electric  arr  ;  s,  cbarge  conduit ;  I,  sncface  of  tbe  pile  of  ore ;  t,  baain ;  T,  tap  hole ; 
8,  ootlet  tor  zinc  vapor. 

Tlie  pulverized  roasted  ore  mixed  with  carbon,  or  raw  sulphide 
ore  mixed  with  metallic  iron,  was  charged  through  the  conduit  3  at 
one  side  of  the  rectangular  furnace,  so  that  it  formed  a  pile  sloping 
toward  the  source  of  heat.  Tlie  surface  of  the  pile  ^  was  heated  by 
radiation  from  the  electric  arc  2,  the  zinc  being  reduced  and  vola- 
tilized. The  residue  melted  and  flowed  down  the  slope,  continually 
exposing  a  fresh  surface  to  the  action  of  the  heat,  and  was  collected 
in  the  basin  6.  from  which  it  could  be  tapped  out  through  the  tap 
hole  7. 

The  zinc  vapor  passed  through  the  outlet  5  to  a  condenser.  Later 
thig  furnace  was  modified  by  feeding  the  ore  in  at  the  back  with 
a  screw,  thus  avoiding  the  disturbance  and  evolution  of  dust  from 
introducing  a  cold  charge  on  top  of  the  heated  surface  of  the  pile. 
The  outlet  for  the  zinc  vapor  in  this  improved  furnace  was  placed 
between  the  pile  of  ore  mixture  and  the  heating  arc  to  avoid  super- 
heating the  vapor,  which  occurred  with  (Jie  original  arrangement. 


6  ELECTBOTHEBMIG  METAI^LTJBGY  OF  ZINC. 

A  company  was  organized  in  1903  to  exploit  de  Laval's  patents 
and  G.  D.  L.  brand  spelter  from  these  works  began  to  appear  on  the 
European  market  in  1904.  This  Ti^as  a  very  pure  spelter,  containing 
less  than  0.1  per  cent  total  impurities.^  (This  metal  was  doubtless 
from  the  redistillation  of  scrap  zinc  or  crude  spelter,  as  the  metal 
produced  in  smelting  ores  by  the  de  Laval  process  is  apt  to  be 
high  in  lead.)  Plants  were  operated  at  TrolUiattan,  Sweden,  and 
Sarpsborg,  Norway.  Metallurgical  results  as  to  condensation  and 
metal  recovery  from  ore  were  very  poor  and  for  several  years  most 
of  the  spelter  produced  came  from  the  smelting  of  drosses  and  scrap 
zinc;  however,  by  reason  of  the  very  cheap  power  available  the 
company  was  enabled  to  continue  operation  in  the  face  of  these 
metallurgical  difficulties  and  to  continue  experiments  on  the  smelting 
of  ores.  The  radiating-arc  furnaces  were  later  replaced  by  a  buried- 
arc  or  arc-resistance  type,  but  a  full  description  of  this  type  of 
furnace  was  never  published.  Between  1900  and  1911  the  works  at 
Sarpsborg  and  TroUhattan  changed  hands  several  times,  and  the 
operations  do  not  seem  to  have  been  profitable. 

&EPO&T  OF  M0T7LDEN  AND  HASBOABD. 

In  1911  J.  C.  Moulden  and  F.  W.  Harboard  reported  on  the 
process  for  sm  English  company  which  had  been  formed  to  take  over 
and  enlarge  the  plants  at  Trollhattan  and  Sarpsborg.^ 

At  that  time  the  Trollhattan  works  had  a  furnace  building  300 
by  52  feet,  equipped  with  11  smelting  furnaces  of  the  arc-resistance 
type,  2  refining  furnaces,  and  several  arc  furnaces  of  the  old  type 
which  were  not  in  operation.  The  works  at  Sarpsborg  had  8  arc- 
type  furnaces  and  4  refining  ones.  The  furnaces  of  the  resistance 
type  were  of  350  horsepower  each  and  had  one  large  vertical  elec- 
trode 2i  square  feet  in  cross  section,  passing  through  the  roof,  the 
other  electrode  being  a  carbon  block  embedded  in  the  bottom  of  the 
furnace.  The  charge  was  introduced  through  an  opening  in  the 
roof,  the  later  furnaces  being  charged  on  one  side  only  of  the  elec- 
trode. A  furnace  was  being  erected  at  that  time  with  a  continuous 
side  feed  which  was  expected  to  be  an  improvement.  The  capacity 
of  each  furnace  was  about  3  metric  tons,  and  about  2.8  metric  tons  of 
ore  were  actually  smelted  per  24  hours. 

Three-phase  current  was  supplied  to  the  works  at  9,640  volts  and 
transformed  to  a  single-phase  100-volt  current  for  use  at  the  fur- 
naces. The  ore  was  charged  with  suitable  flux  and  reduction  mate- 
rial into  the  furnace,  where  most  of  the  zinc  and  some  of  the  lead 

*  Offerhanflk  C.»  Zinc  made  In  the  electric  fonaoe :  Blectrochem.  and  Met  Bng.,  rol  S, 
1909,  p.  54. 

*  Engineering  and  Mining  Journal,  Zinc  smelting  at  Trollbattan ;  sununary  of  a  report 
by  F.  W.  Harboard :  VoL  93,  Ve\k  10,  1912,  pp.  814-31*5. 
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i^ere  volatilized  and  oondensed.  A  large  share  of  this  condeiised  as 
blue  powder  and  zinc  oxide,  containing  about  54  per  cent  zinc  and 
20  per  cent  lead,  which  was  mixed  with  fresh  ore  and  recharged. 
When  blue  powder  was  resmelted,  a  greater  proportion  of  liquid  zino 
was  condensed  than  when  ore  alone  was  smelted. 

Most  of  the  lead  that  escaped  volatilization  was  reduced  to  metal, 
carrying  most  of  the  silver.  Some  lead,  silver,  and  zinc  with  the 
copper  formed  a  matte,  and  the  rest  of  the  residue  fused  to  a  liquid 
slag.  These  fused  pro<lucts  were  tapped  from  the  furnace  through 
a  tap  hole  near  the  bottom. 

Mr.  Harboard  and  his  assistants  made  an  extended  test  on  Broken 
Hill  slime  containing  about  36  per  cent  zinc,  24  per  cent  lead,  and 
30  ounces  of  silver  per  ton.  Four  furnaces  worked  on  ore-powder 
mixture  and  three  on  ore  mixture;  they  took  the  following 
charges :  Ore-powder  mixture — ^roasted  Broken  Hill  slime,  100  kg. ; 
blue  powder,  200  kg.;  coke  dust,  25  kg.;  lime,  5  kg.  Ore  mix- 
ture— ^Broken  Hill  slime,  300  kg.;  calamine,  10  kg.;  coke,  75  kg. 
At  the  end  of  the  second  day,  the  ore  furnaces  were  making  sufficient 
powder  to  supply  the  powder  furnaces  (which  had  been  started  on 
powder  from  the  works  stock)  and  no  more  powder  was  taken  from 
stock.  The  furnaces  were  tapped  every  four  hours  for  crude  zinc 
and  powder,  and  for  slag,  matte,  and  lead  about  every  eight  hours. 
During  the  early  part  of  the  run,  the  slags  contained  much  zinc 
and  lead,  mainly  because  of  imperfect  separation  of  matte.  The 
slags  were  too  basic,  from  improper  proportions  of  flux  and  reducing 
agent.  Later  on  the  slags  improved,  though  two  furnaces  working 
on  the  same  charge  frequently  gave  entirely  different  slags,  pro- 
bably because  of  irregular  mixing  of  the  charge  outside  the  furnace. 

Improper  mechanical  facilities  for  changing  electrodes  were  a 
serious  cause  of  delay. 

During  27.58  days  of  the  experimental  run,  the  seven  furnaces 
smelted  518  metric  tons  of  roasted  Broken  Hill  slime,  19  tons  of 
calamine,  and  22.5  tons  of  blue  powder  from  stock.  They  produced 
160.8  tons  of  crude  zinc  and  36  tons  of  powder  and  at  the  end  of  the 
run  had  on  hand  13.4  tons  more  of  blue  powder  than  at  the  beginning, 
the  remainder  of  the  powder  having  been  resmelted.  The  crude 
metal  obtained  from  this  smelting  averaged  about  79  per  cent  zinc, 
20  per  cent  lead,  and  0.6  per  cent  iron.  It  was  afterwards  refined, 
giving  112.4  tons  of  spelter,  99.9  per  cent  pure,  and  24.7  tons  of 
lead.  The  lead  tapped  with  the  slag  was  remelted  to  remove  the 
slag  and  yielded  41  tons  of  marketable  bullion  containing  141 
ounces  of  silver  per  ton.  There  was  also  17  tons  of  "  leak  lead," 
assaying  27  ounces  of  silver  per  ton,  and  9  tons  of  skimmings  con- ' 
taining  zinc,  lead,  and  silver. 
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The  total  input  of  metals  was  204.04  tons  of  zinc,  128.35  tons  of 
lead,  and  15,760  ounces  of  silver,  and  the  extraction  in  the  form  of 
metals  was  130.46  tons  of  zinc,  94.94  tons  of  lead,  and  7,230  ounces 
of  silver,  or  a  yield  of  64  per  cent,  73.99  per  cent,  and  45.9  per  cent, 
respectively.  Including  the  metal  content  of  the  powder,  these 
became  73.4  per  cent,  79.3  per  cent,  and  49.5  per  cent.  A  considerable 
part  of  the  losses  of  silver  and  lead  were  due  to  absorption  by  the 
furnace  masonry.. 

Mr.  Harboard  considered  that  side  charging  would  give  much 
better  results  than  charging  through  the  roof.  He  was  of  the  opinion 
that  the  recovery  of  metals  could  be  much  improved,  but  said  that 
the  difficulty  of  condensing  the  zinc  vapor  to  liquid  zinc  was  a 
great  drawback. 

The  loss  of  zinc  in  refining  111,794  kg.  of  crude  zinc  at  Trollhattan 
was  5.7  per  cent.  The  average  results  of  refining  commercial  spelter 
at  Sarpsborg  were  stated  to  be  as  follows :  Fine  zinc  produced,  83.9 
per  cent;  powder,  9.8  per  cent  (corresponding  to  8.8  per  cent  of 
metals);  residues  (lead,  etc.),  2.2  per  cent;  charge  in  furnace,  1.1 
per  cent;  impregnation  in  brickwork  of  furnaces  and  condensers,  0.5 
per  cent;  unaccounted  for  3.5  per  cent. 

A  20-day  test  at  Sarpsborg  smelting  ore  m  the  old  arc-type  fur- 
naces gave  results  similar  to  those  obtained  at  Trollhattan,  but  the 
power  consumption  was  70  per  cent  greater.  The  power  used  in 
the  experimental  run  at  Trollhattan  averaged  2,078  kw.  h.  per  ton 
of  ores  melted,  including  the  power  used  for  resmelting  the  blue 
powder  but  not  that  used  for  refining  crude  zinc,  the  cost  of  power 
being  41s.  3d.  ($10)  per  kilowatt  year.  The  electrode  consumption 
at  Trollhattan  was  31.51  kg.  per  metric  ton  (1,000  kg.)  of  ore 
smelted,  and  at  Sarpsborg  40.57  kg.  per  metric  ton  of  ore. 

DEVELOPMENT  IK  BECENT  YEABS. 

In  1911  the  production  of  spelter  in  Sweden  and  Norway  was 
6,575  long  tons;  in  1912,  8,000  tons;  and  in  1913,  17,000  tons.  Part 
of  this  came  from  resmelting  of  dross  and  scrap,  and  part  from 
the  smelting  of  ores.' 

A  report  of  the  directors  of  the  Hydraulic  Power  and  Smelting 
Co.,  issued  in  1913,*  stated  that  out  of  seventeen  new  1,000-horse- 
power  furnaces  and  eight  500-horsepower  furnaces  planned  for 
Trollhattan,  thirteen  of  the  former  and  all  of  the  latter  had  been 
completed.  The  capacity  of  the  zinc-refining  works  at  Sarpsborg  had 
been  increased  from  8,000  to  10,000  tons  per  year  and  the  output 

■IngallB,  W.  R.»  Blectrlc  sine  smelting:  Trans.  Am.  Blectrochem.  Soc..  vol.  26,  1914» 
p.  160. 

*  Engineering  and  Mining  Journal,  Scandinavian  electric  zinc  smelting:  Vol.  06,  No?. 
20,  1013,  p.  1030. 
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contracted  for  at  a  profit.  The  smelting  of  ordinary  roasted  zinc 
ores  still  did  not  give  a  profit,  but  much  better  results  were  being 
obtained. 

In  1921,  W.  B.  IngaUs*  reported  that  the  plants  at  Trollhat- 
tan  and  Sarpsborg  and  one  or  two  smaller  ones  were  in  operation 
and  that  a  new  plant  of  an  annual  capacity  of  60,000  me^c  tons 
of  ore  was  being  built  at 
Glom  fjord. 

The  Trollhattan  metallur- 
gists have  given  up  the  at- 
tempt to  obtain  liquid  spelter 
from  the  first  smelting  opera- 
tion, but  have  found  that  blue 
powder  can  be  melted  econom- 
ically by  heating  it  to  the  melt- 
ing point  of  zinc  and  subject- 
ing it  to  a  rubbing  action. 

The  present  method  of  op- 
eration is  to  run  the  smelting 
furnace  at  a  very  high  tem- 
perature so  that  both  lead  and 
zinc  are  completely  volatilized. 
These  are  condensed  as  blue 
powder,  which  is  then  melted 
to  a  very  leady  spelter.  This 
metal  can  be  redistilled  to 
yield  pure  spelter  or  it  may 
b©  refined  by  simple  gravity 
refining  to  yield  an  ordinary 
grade  of  spelter.  Ore-smelt- 
ing furnaces  have  been  built 
and  successfully  operated  with 
a  capacity  of  12,000  kg.  of  ore 
per  24  hours. 

DE   LAVAL'S   CYCLONE  FUE- 

NAOE. 

De  Laval  also  obtained  pat- 
ents on  a  furnace  which  op- 
erated upon  an  entirely  differ- 
ent principle.  This  furnace  is 
illustrated  in  Figure  3. 

The  fljiely  divided  ore,  flux,  and  reducer,  2,  were  fed  into  a  circular 
furnace,  i,  projected  tangentially  by  a  gas,  such  as  CO,  entering  at  5, 

*lDgsI]i,  W.   B,,  EtectrometallarET  of  ilnc ;  Trans.   Am.  Electrocbem.   Soc,   to).   40, 


FiauBH  3. — De  LatbI'b  "  cyclone  "  [nnince 
(C.  S.  PBteot  8GS440)  i  I.  ClrcBlar  (nr- 
Dac« ;  t,  floel]'  divided  oi'e,  Oux,  and  re- 
ducer; 1.  psBasse  tbrODgh  wblch  reBldne 
flowed  oDt;  4,  exit  for  line  vapor  sod 
giaea ;  S,  entrance  tor  gai. 
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and  were  heated  to  a  high  temperature.  The  zinc  was  reduced  and 
vaporized;  the  residue  was  projected  against  the  periphery  of  the 
furnace,  melted,  and  ran  down  the  sides  to  an  annular  pool  at  the 
botton  and  flowed  out  at  3;  while  the  zinc  vapor  and  gases  passed 
out  of  the  furnace  by  means  of  the  opening  4,  in  the  center.  This 
furnace  was  tested  in  England  and  in  Sweden,  but  a  successful  opera- 
tion is  not  on  record. 

THE  FUBITACE  OF  CASOBjeHTH  ASB  BERTABL 

In  1900  Carlo  Casoretti  and  Francesco  Bertani  described  a  con- 
tinuous furnace  for  zinc  ores  (fig.  4)  which  combined  fuel  and  elec- 
trical heating.  According  to  their  specifications  the  fine  roasted  ore 
was  first  mixed  with  coke  and  fluxes  and  briquetted  with  glucose 
solution.  The  bricks  were  then  dried  in  the  regenerator  r  of  the 
smelting  furnace  and  recrushed.  The  prepared  ore  was  fed  into  the 
upper  muffle  p  and  worked  down  into  the  lower  muffle  y,  both  of 
which  were  heated  by  the  coal  fire  /.  After  being  heated  in  the  lower 
muffle  nearly  to  distillation  temperature  it  was  raked  with  the  rake 
/?'  into  the  smelting  chamber.  This  was  heated  by  an  electric  cur- 
rent between  the  carbon  electrodes  /'•  The  zinc  vapors  and  gases 
passed  through  the  passage  v  into  the  condenser  c,  where  the  zinc 
was  condensed  and  collected  into  suitable  receivers.  The  remaining 
gases  passed  through  the  conduit  v  to  the  space  beneath  the  muffle  ;, 
where  they  were  burned.  The  slag  was  tapped  from  the  bottom  of 
the  electric  crucible  into  the  chamber  beneath,  where  it  preheated 
the  air  for  combustion  of  the  CO  gas  from  the  condenser. 

This  furnace  was  expected  to  smelt  ore  with  a  power  consumption 
of  2  horsepower  hours  per  kilogram  of  zinc,  plus  a  consumption  of 
15  per  cent  of  coal. 

STAirSFIELD'S  EXFEBIMEITTS. 

Figure  5  is  a  sketch  of  a  furnace  in  which  Prof.  Alfred  Stansfield 
conducted  some  experiments  in  1900  with  a  view  to  smelting  Broken 
Hill  lead-zinc  ores  to  recover  lead,  zinc,  and  precious  metals  in  the 
same  operation.  The  charge  was  fed  down  the  shaft  C  into  the  smelt- 
ing chamber  AB,  where  it  was  heated  by  the  resistance  of  the  slag 
bath  to  the  passage  of  current  between  the  two  electrodes.  Slag, 
bullion,  and  zinc  vapor  were  produced  and  zinc  condensed  in  the 
chambers  F  to  K.  Some  molten  zinc  was  obtained,  but  the  greater 
part  was  condensed  as  blue  powder. 


FURNACE  OF  CASORETTE  AND  BEKTAUI. 


If 


I 


12  ELECTROTHEKMIC   METALLURGY  OF  ZINC. 

SALOITES  FUBNACE. 

In  1903,  A.  SalgUDS  described  two  or  three  furnaces  for  the  electro- 
thermic  treatment  of  zinc  ores.*  One  of  these  is  shown  in  Figure  6. 
This  is  one  of  the  earliest  adaptations  to  zinc  smelting  of  the  buried- 
arc  type  of  furnaces,  va- 
riations of  which  have 
been  used  by  so  many  of 
the  later  experimenters. 
The  smelting  chamber, 
built  of  fire  brick,  inside 
an  iron  jacket  cooled  by 
water  sprinklers  K,  was 
in  two  parts — A  and  B — 
to  facilitate  cleaning  and 
repairing.  It  was  pro- 
vided with  a  tap  hole,  D, 
a  flue,  C,  for  the  passage 
of  zinc  vapor  to  the  con- 
denser, and  two  charg- 
ing and  poking  holes,  K. 
The  lower  electrode  G 
was  embedded  in  the  base 
of  the  furnace,  making 
electrical  contact  with 
the  metal  bar  H.  The 
bottom  of  the  electrode 
holder  was  water  cooled 
as  shown  at  L.  The  roof 
of  the  furnace  was  cov- 
ered by  a  heavy  cast-iron 
plate.  M,  cooled  with  a 
jet  of  water  and  contain- 
ing holes  for  the  upper 
electrode  and  for  clwrg- 
ing.  The  electrode  was 
surrounded  by  the  as- 
bestos ring  X  and  the 
charge  holes  were  cov- 
ered with  the  lids  O.  Any  zinc  vapor  that  could  escape  through 
remaining  crevices  was  condensed  on  the  cold  plate  and  the  openings 
were  sealed  by  the  condensed  zinc. 

The  charge,  consisting  of  roasted  zinc  ore  mixed  with  the  necessary 
cnrbon  for  reduction,  was  introduced  through  the  chai^  holes  E 


FIODBB  G.— Stantffleld  iIdc  furnace  (.from  Slanaflpld, 
Alfred,  The  electric  furnace,  1014,  p.  318)  :  A.  B, 
Smelling  chBinb«r ;  C.  shaft ;  D,  £,  electrodes; 
F,  O,   H,  J,  K,  condensing 


•  RalgupR 


illnrjty  ot  i 


I,  Alfred,  The  electric  furnace,  1D1«.  p.  310. 


I.  Soc.  log.  ClT.     nance,  1903.  p. 
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and  surrounded  the  upper  adjustable  electrode.  The  furnace 
operated  continuously,  producing  zinc  vapor,  lead  bullion,  matte, 
and  slag.  Salgues  recognized  the  necessity  for  prereduction  of 
the  chai^  if  good  condensation  of  liquid  spelter  woa  to  be 
obtained 

Salgues's  experiments  were  carried  on  at  Champagne,  Ariegne, 
France,  with  a  modified  carbide  furnace  of  100-kw.  capacity.    Oper- 
ating on  40  to  45  per  cent  zinc  ores  fed  into  the  furnace  cold,  he 
obtained  a  yield  of  S  kg.  of 
zinc   per  kilowatt   day,   or 
4,356  kw.  h.  per  ton  of  ore. 

JOHZrSON  FBOCESS. 
EABLT  EZPSBIICENTS. 

Woolaey  McA,  Johnson 
begun  work  on  the  electric 
smelting  of  zinc  ores  in 
1903,  while  he  was  metal- 
lurgist for  the  Lsnyon  Zinc 
Co.  His  first  efforts  fol- 
lowed closely  the  metal- 
lurgy of  the  retort  process, 
as  the  Cowles  Brothers  had 
done  in  1885,  but  on  a  larger 
scale. 

His  furnace  for  this  pur- 
pose (see  fie.  7)  was  a  lone,    F'Qobb   6.— Salpies's   linc    furnace    (from    SUiiB- 
J;  L  1        ,    _.      .     1     .,,         fl*'".  Alfred,  The  electric  furoace,  1914,  p.  816)  : 

box -shaped  retort,  1,  built  a.  B.  Walla  o(  imelUnB  chamber  ;  C,  Bne  ;  D.  tap 
of    fire   brick   or   other   suit^  ''°'*:    ^-  t^^rKlnK  ="3   poking  holp»;   F.   npper 

,  ,  *_    _i  -1.1.  dectrode;  0,  loirer  electrode;  H,  metal  bar;  S, 

able  refra^rtrOry,  with  an  water  aprlnkleni;  L.  water  for  cootlog  bottom 
opening,  i,  at  one  end  for  "'  electrode  holder;  U,  cnst-lron  plate;  K,  aa- 
,,  "  ^  .1         .  bestoa    ring;    O,   lids;    P,    charge;    H.    molten 

the  passage  of  the  zinc  Ta-  neiai  and  aiag. 
por  and  gases  to  the  con- 
denser. Graphite  blocks,  5  and  6,  set  on  opposite  sides  of  the  fur- 
nace at  each  end,  with  their  faces  flush  with  the  inside  of  the  furnace 
walls,  were  connected  by  means  of  graphite  or  metal  rods,  7,  project- 
ing through  the  walls  to  the  external  electric  circuit.  Loose,  gran- 
ular coke,  12,  or  similar  material  was  piled  in  each  end  of  the  cham- 
ber between  the  graphite  blocks.  The  two  piles  of  coke  thus  formed 
the  electrodes  between  which  the  current  passed,  and  the  charge  itself 
became  the  resistor  in  which  the  heat  was  developed.  The  floor  of  the 
furnace  was  first  covered  with  a  protective  layer  of  refractory  mate- 
rial, 11,  acid  or  basic,  according  to  the  charge  to  be  smelted.    Over 
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FlODBB  7. — Early  furoBfre  of  W.  McA.  JobaBOa  (C.  8.  Pateot  814050}:  J,  Betorl : 
t,  furnace  walls;  4,  opening  (or  paaaagtf  of  line  vapor  and  gucB  to  condenser; 
S.e.  graphite  blocks;  1,  ernplilCe  rods;  S,  InKUlntlon ;  9.10.  electric  eonnectlon : 
11,  refractory  mati'rial ;  It,  coke;  U.  mixture  of  hlch-grade  ore  and  coke;  if,  mlztnn 
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this  refractory  material  and  extending  upward  against  the  side  walls 
was  placed  a  portion,  13,  of  the  charge,  consisting  of  high-grade 
roasted  ore  mixed  with  sufficient  high-resistance  coke  to  act  as  reducer 
and  to  carry  the  electric  current.  The  space  above  and  within  this 
high-grade  charge  was  filled  with  a  mixture  of  low-grade  ore  and 
coke,  li.  In  this  way  the  high-grade  ore  protected  the'fumace  walls 
from  the  corrosive  action  of  the  low-grade  ore.  As  described  in  the 
patent,  it  was  necessary  to  remove  one  or  both  end  walls  to  rake  out 
the  residue  and  introduce  a  new  charge.  These  walls  were  made  of 
single  blocks,  or  doors,  which  could  be  easily  removed  and  could  be 
luted  in  when  the  furnace  was  in  operation.  Other  openings  could 
be  arranged  if  desired. 


FioDRE  g. — Ad  eerlr  JohnsoD  condeoHcr  (U.  S.  Intent  831620). 
CONDENSATION   DIFFICULTIES. 

Johnson  had  the  usual  difficulties  with  condensation  and  much  of 
his  effort  in  the  following  few  years  was  turned  toward  solving 
these  difficulties.  lie  tried  condensers  of  several  designs  and  obtained 
patents  on  them.  Two  are  shown  in  Figures  8  and  9.  In  both  of  these 
arrangement  was  made  to  conduct  the  vapor  through  a  tortuous  pas- 
sage with  artificially  cooled  walls,  and  to  bring  it  into  contact  with  a 
body  of  molten  zinc.  In  the  condenser  shown  in  Figure  9  there  was 
a  continual  shower  of  molten  zinc  overflowing  from  the  receptacles 
A.  This  shower  was  kept  up,  when  necessary,  by  pumping  molten 
zinc  from  the  sump  to  the  top  of  the  condenser.  In  practice  this  was 
found  to  be  less  satisfactory  than  the  stationary  bath  of  zinc. 

PREREDUCTION   OP  THE   CHARGE. 

The  desirability  of  a  prereduction  of  the  charge,  both  as  a  help  in 
obtaining  a  proper  condensation  of  zinc  and  as  an  economy  of 
electrical  power,  was  Parly  realized. 
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The  earlier  method  of  carrying  this  out  is  described  in  United 
States  patent  868345.'  The  ore,  after  suitable  crushing,  was  roasted 
at  a  low  temperature,  about  850°  to  900°  C,  in  any  suitable  roaster. 
It  was  not  necessary  to  reduce  the  sulphur  below  about  3  per  cent, 
so  that  if  the  roasting  was  done  in  a  muffle-type  roaster  a  rich  SO, 
gas,  very  desirable  for  sulphuric  acid  making,  could  be  produced. 

Thn  mmdpLcf  ore  was  mixed  with  a  suitable 
arbon,   3S   per  cent,   for  ex- 
jd  to  a  temperature  of  850° 
lis    reduced    iron    oxide    to 
;  left  zinc  oxide  unaffected, 
^ural  gaa  or  some  other  re- 
ild  be  substituted  for  carbon 
in   thi£|  step  of  the   pro- 
cedure.   This  partly  re- 
duced ore  was  charged 
while  still  hot  into  an  elec- 
umace  and  heated  to  a  tem- 
perature sufficient  for  the  reduc- 
tion and  distillation  of  the  zinc 
The  sponge  iron  formed  in  the 
preliminary  part  reduction  of  the 
charge  served  to  decompose  any 
zinc  sulphide  present  and  to  re- 
duce zinc  oxide;  the  importance  of 
this  latter  reaction  depended  upon 
the  amount  of  iron  In  the  ore. 

By  following  this  procedure  as 
outlined,  the  CO,  and  CO  pro- 
duced in  the  reduction  of  iron  are 
eliminated  in  the  preliminary 
stage;  consequently  in  the  final 
PiGtn«  ».-Another  «irty  johnwn  con-  Stage  a  rich  zinc  vapor  is  formed 
deuer  (c.  B.  Patent  91)2034) ;  A.  Be-    which  is  more  eaaly  condensed  to 

wptacle.  for  molten  tiuc  y^^^^^  ^j^j^L 

TYPE  OF  FUIUTACXi  USED  IN  LA.TEB  EXPEBIHXNTS. 

While  the  condeusation  problem  was  being  woriied  out,  vanous 
types  of  furnace  were  experimented  with,  until  that  used  in  the  later 
larger  scale  tests  was  developed.  This  final  type,  as  first  described, 
is  illustrated  in  Figure  10.  It  was  of  the  continuous-smelting, 
buried-arc  class,  similar  to  the  Scandinavian  and  Salgues  furnaces, 
producing  spelter,  bullion,  matte,  and  slag  in  the  same  operation. 

I  JohnsoD.   W.   McA.,  PnweM  o(   trtatlng  lerrnslnouB  blende,   C.   S.  Patent  888349. 
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The  electrodes  3,  projecting  vertically  through  th&  roof  of  the  fur- 
nace 1  were  connected  to  one  terminal  of  the  external  electric  circuit 
■while  the  electrode  S,  embedded  in  the  heartix  of  the  furnace,  was 
comiected  to  the  opposite  terminal.  The  charge  was  introduced 
through  the  hopper  7.  Metal  and  matte  were  removed  through  the 
tap  hole  9  and  slag  through  the  slag  tap  4-  1'he  zinc  vapor  and 
gases  passed  by  means  of  the  conduit  12  to  the  column  of  coke  13 
which  was  so  arranged  that  it  could  be  heated  to  incandescence, 
preferably  by  electrical  means,  and  thence  to  the  condenser  £1. 

In  the  operation  of  this  furnace  the  ore  was  charged  into  the 
furnace  with  only  sufBcient  carbon  to  reduce  the  valuable  metallic 
constituents,  leaving  no  excess.  Proper  fluxes  were  added  to  form 
a  slag  fusible  at  1,100°  to  1,175"  C.     Under  these  conditions  a  con- 


FioDBB  10. — Jobnaon  cantinaoDi  ilnc  furnace  (D.  S.  Patent  BelBsne  13SD8)  ;  I,  Furnace ; 
3,  elMtroden ;  ^,  ilKg  tap ;  S,  electrode ;  1,  hopper  ;  »,  tap  bole ;  a,  paBsaie  to  condenser ; 
13,  coks ;  CI,  coudenaer. 

siderable  proportion  of  CO,  was  formed  in  the  smelting  furnace, 
and  the  hot-coke  column  was  introduced  to  reduce  the  CO,  to  CO 
and  prevent  oxidation  of  the  zinc  vapor. 

Figure  11  shows  the  construction  of  a  later  form  of  this  furnace. 
It  was  found  possible  at  a  later  stage  of  the  experiments  to  do  away 
with  the  coke  column. 

EFFECTS  OF  8ULPHUB  ON  THE  CONDENSATION  OF  ZINC. 

In  this  later  work,  Jolinson  found  that  sulphur  in  the  electric 
furnace,  either  as  free  sulphur,  carbon  disulphide,  sulphur  dioxide, 
or  sulphur  trioxide,  tended  to  sulphidize  the  zinc  vapors  and  form 
blue  powder.  He  then  proposed  to  modify  his  procedure  to  avoid 
this  trouble.'    He  so  conducted  the  roasting  operation  at  low  tem- 

■  Jobown,  W.  UcA.,  Blectric  reduction  of  ilnc  ores,  V.  S.  Patent  11B02T1.  Aug.  IT,  1916. 
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perature  as  to  reduce  the  sulphur  to  the  desired  minimum  and  to  de- 
compose all  sulphates  other  than  those  of  lead,  calcium,  and  barium. 
The  roasted  on  was  then  mixed  with  reducing  agents,  say  15  to  20 
per  cent  coal,  and  fluxes,  and  treated  in  the  preheater  in  such  a  way  as 


li 

% 
I 

I 


to  redace  the  sulphates  present  to  sulphides  and  to  reduce  iron  oxides 
and  copper  oxides  to  metal.  Any  muffle-type  roasting  fumance  could 
be  used  as  a  preheater.  The  charge  to  the  electric  furnace  was  so  pro- 
portioned that  the  percentage  of  itxin  and  copper  present  should 
be  from  live  to  seven  times  that  of  sulphur.  These  metals  decom- 
posed any  sulphides  present  in  the  charge,  forming  copper  and  iron 
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subsulphides.  Because  of  the  excess  of  metallic  copper  and  iron 
present,  no  sulphur  vapors  could  be  set  free  and  sulphidization  of 
the  zinc  vapor  was  prevented. 

BESTTLTS  OV  TESTS  OP  JOHNSON'S  PBOGESS. 

By  1912,  Johnson's  process  had  begun  to  give  very  promising  re- 
sults. During  1912,  1913,  and  1914  he  made  continuous  runs  in 
furnaces  producing  several  hundred  pounds  of  zinc  per  day,  and 
published  the  results  of  several  of  these,  which  were  more  or  less 
satisfactory.  In  1914,  he  read  a  paper  before  the  Canadian  Mining 
Institute,  giving  a  description  of  the  process  and  the  furnace  as  de- 
veloped at  that  time,  and  the  metallurgical  results  of  a  typical  fur- 
nace run.    The  following  description  is  taken  from  that  paper.* 

The  process,  as  applied  to  zinciferous  copper-lead  ores,  is  briefly  as  f oUows : 

(1)  Rough  roasting,  to  expel  a  large  part  of  the  sulphur  until  it  does  not 
exceed,  say,  from  4  per  cent  to  6  per  cent  This  roasting  is  an  ordinary  opera- 
tion and  can  be  done  in  general  practice  at  a  cost  of  less  than  $1  per  ton.  If 
the  original  ore  or  concentrate  is  high  enough  in  sulphur,  it  can  be  roasted  by 
sulphuric  acid  manufacturers  at  Uttle  or  no  charge  to  the  metallurgist  and 
the  cost  of  this  preliminary  treatment  would  then  be  reduced  to  that  of 
freight  and  handling  only. 

(2)  Preheating  and  prereducing  the  ore  with  admixture  of  soft  coal,  so  as 
to  reduce  much  of  the  iron  oxide  to  metallic  iron  (sponge  or  pyrophoric  iron), 
which  is  necessary  in  the  subsequent  treatment  in  the  electric  famace.  More 
than  half  of  the  heat  required  for  the  chemical  reactions  is  supplied  very 
cheaply  in  this  preheater. 

(3)  Final  reduction  to  metals  in  the  continuous  zinc  furnace  to  decompose  the 
sulphides  of  zinc  and  lead,  forming  (a)  metaUic  zinc  which  Is  volatilized  and 
collected  in  the  condenser,  (b)  copper  matte,  and  (c)  lead  buUion  which  are 
collected  in  the  bottom  of  the  furnace,  and  (d)  molten  slag  which  floats  on  the 
top  of  the  matte,  is  the  most  important  st^  in  the  process. 

The  present  Johnson  continuous  electric  zinc  furnace,  as  installed  at  Hartford, 
has  an  exterior  form  of  a  cube  about  5  feet  on  the  edge,  resting  on  a  heavy 
iron  plate  supported  by  four  piers.  The  bricks  of  the  furnace  are  boimd 
together  by  4-lnch  I  beams  and  tie-rods  having  heavy  steel  springs  at  the  ends 
to  compensate  for  expansion  and  contraction.  The  outer  construction  of  flre 
brick  surrounds  the  interior  hearth  or  crucible  of  magnesite  brick.  This  cm-' 
cible,  in  which  the  smelting  reactions  occur,  has  interior  dimensions  of  35 
inches  by  40  inches  by  30  indies  in  height  At  the  bottom  of  the  crucible  is  a 
water-cooled  tap  hole  for  the  molten  matte  and  lead  bulUon,  and  at  a  proper 
distance  from  the  bottom  is  another  water-cooled  tap  hole  for  the  removal  of 
the  molten  slag.  Four  copper-covered  carbon  electrodes  5  inches  in  diameter 
are  attached  to  the  bus  bars  by  water-cooled  clamps.  These  electrodes,  suj)- 
ported  by  chain  tackles,  project  through  the  arched  roof  of  the  furnace  into 
the  crucible.  Hoppers  for  the  introduction  of  ore,  flux,  and  reducing  material 
are  situated  at  the  top  of  the  furnace  near  the  electrodes.    At  one  side  near 


i^JohnsoD,   W.   McA.,   The  commercial   aspect  of  electric  zinc-lead   smelting:   Trans. 
Canadian  Mln.  Inst.,  vol.  17,  1914,  pp.  107-129. 
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the^  top  is  a  brick-lined  flue  to  carry  the  vaporized  zinc  and  furnace  gases  to 
the  condenser  in  which  the  zinc  is  collected  in  molten  metallic  form,  and 
the  escaping  gas,  chiefly  carbon  monoxide,  is  burned  in  a  steady  flame  as  it 
escapes  through  small  orifices  into  the  air.    *    *    * 

The  ores  to  be  treated  in  the  electric  furnace  are  crushed  to  proper  aize, 
roasted  to  proper  content  of  sulphur,  and  blended  to  give  a  mixture  of  the 
following  range  of  composition :  Zinc,  15  to  40  per  cent ;  lead,  5  to  90  per  cent ; 
copper,  1  to  5  per  cent ;  iron,  10  to  20  per  ceot ;  sulphur,  8  to  7  per  cent ;  silica, 
10  to  90  per  cent ;  alumina,  3  to  5  per  cent ;  and  lime,  8  to  7  per  cent.  A  type 
mixture  would  contain :  Zinc,  80  per  cent ;  lead,  10  per  cent ;  copper,  2  jper  cent ; 
iron,  15  per  cent ;  sulphur,  4  per  cent ;  silica,  15  per  cent ;  and  lime,  6  per  cent. 
This  blended  material  is  then  mixed  with  about  15  per  cent  of  soft  coal  and 
carefully  charged  into  a  muffle  preheater  of  the  Hasenclever  type,  fired  with 
soft  coal,  and  carefully  deoxidized  at  a  final  temperature  of  from  850"*  C.  to 
1,040**  O.,  which  is  lust  below  the  reduction  temperature  of  zinc  oxide.  The 
deoxidized  material  is  then  fed  continuously  into  the  electric  furnace,  which 
is  of  the  buried-arc  type.  The  electrodes  are  submerged  in  the  slag  and  the 
charge.  Care  must  be  taken  that  there  is  no  local  heating,  called  "  hot  spots^** 
or  local  cooling,  called  "cold  arpots"  or  "freezing,"  of  the  slag  in  the  fusion 
zone,  which  should  have  a  temperature  of  from  1,225*  0.  to  1,250*  O. 

In  the  preheating  operation  the  following  chemical  reactions  occur: 

(1)  CaSO*  +  2C  +  H«-«CaS  +  00  +  COt  +  HaO. 

(2)  BaSO«  +  2C  +  Ha-»BaS  +  CO  +  COs  +  H,0. 
(d)  ZhBOa'^ZuO  +  SOsi—ZnO  +  SOk  •••  O. 

(4)   2Pfe,08  +  3C  +  2H,— 4Pe  +  2CO  +  CO,  +  2H,0. 
(6)  4CuO  +  2C  +  Ha— 4Cu  +  CO  +  CO.  +  H,0. 

In  the  above  reactions,  the  carbon  is  derived  from  solid  carbon,  carbon  mon- 
oxide, and  hydrocarbons.  The  hydrogen  comes  from  the  hydrocarbona  The 
relative  percentages  of  CO  and  COa  in  the  furnace  gases  will  depend  on  the 
l^hyslcochemical  conditions  of  the  charge.  There  are  also  other  chemical  re- 
actions which  need  not  be  given  here. 
From  90  to  d9  per  cent  of  the  Fe^Ot  is  reduced  to  the  metallic  state.  , 
The  charge,  after  the  desired  reactions  have  taken  place  in  the  preheater, 
is  fed  through  the  hoppers  of  the  electrical  furnace  dii^ect  to  the  smelting  zone 
in  which  the  following  chemical  reactions  occur,  under  the  Influence  of  heat 
generated  by  the  passage  of  the  electric  current : 

Temperature  at  whidi 
reactions  begin,  *C. 

6.  ZnO  +  C«Zn  +  CO 1, 040 

7.  ZnS  +  Fo— Zn  +  PtoS 1,176 

8.  ZnS  +  2Cu— Zn  +  CujS 1, 150 

9.  COj  +  Fe— FteO  +  CO 1,000 

10.  ZnO  +  Fe—FeO  +  Zn 1,200 

11.  SFe  +  SO.— FeS  +  2FeO 1,200 

12.  2ZnS  +  C— 2Zn  +  C8, ^ 1,350 

13.  2Fe  +  CS,— 2Fefi  +  C 1,100 

14.  ZnO  +  CO— iZn  +  CO* 900 

As  a  result  of  these  reactions,  the  sulphur  combines  first  with  the  reduced 
copper  and  then  with  reduced  iron  to  form  copper  matte,  whicl}  collects  some 
silver  and  gold  and  settles  to  the  crucible.  Similarly  the  reduced  lead,  in 
molten  metallic  form,  collects  the  rest  of  the  silver  and  gold,  forming  a  base 
bullion,  which  settles  In  the  crucible  and  collects  below  the  molten  matte. 
The  silica,  lime,  iron  oxide  (and  alumina  and  magnesia  if  present)  combine 
to  form  the  slag,  which  being  specifically  lighter,  floats  on  top  of  the  matte. 
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The  zinc,  which  Is  reduced  to  the  metallic  form,  is  immediately  vaporized  at 
the  temperature  of  the  furnace  and  passes  to  the  condenser  at  the  side,  where 
it  is  condensed  and  collected  in  a  molten  condition.  The  slag  is  deoxidized 
and  desulphurized  and  the  matte  is  made  so  metallic  that  no  sulphur  vapor 
is  given  off  at  the  temperature  of  the  fusion  zone.  Under  this  condition  the 
gas  from  the  furnace  is  so  pure  that  when  it  reaches  the  condenser  the  zinc 
vapor  changes  directly  from  the  gaseous  condition  to  the  liquid  condition,  and 
molten  zinc  Is  formed  with  little  or  no  blue  powder. 

The  condenser  consists  of  elongated  iron  vessels  lined  with  fire  brick  having 
movable  covers  to  facilitate  cleaning,  and  capable  of  being  heated  or  cooled. 
If  sufficient  service  be  provided  and  enough  time  allowed,  the  zinc  vapor  will 
condense  satisfactorily  to  the  molten  metal.  The  uniform  manner  in  which 
the  chemical  reactions  occur  in  the  smelting  furnace  is  shown  by  the  steadiness 
of  the  flame  of  burning  carbon  monoxide  as  it  escapes  into  the  outer  air 
from  the  prolongs  of  the  condensing  vessels.  This  flame  has  the  ai^)earance 
of  that  of  a  Bunsen  burner  in  a  laboratory. 

Johnson  emphasized  the  fact  that  the  field  of  his  furnace  lay  espe- 
cially in  the  treatment  of  complex  ores  of  zinc,  lead,  copper,  and 
precious  metals,  which  could  not  be  treated  by  the  retort  process,  or 
could  only  be  treated  at  a  higher  cost  than  the  purer  high-grade  ores. 
In  the  electric  furnace  smelting  of  preheated  ore,  the  chief  consump- 
tion of  power  was  in  the  reduction  of  zinc  oxide.  The  lower-grade 
ores  could,  therefore,  be  treated  more  cheaply  per  ton  of  ore  than 
high-grade  ores ;  and  the  lead,  copper,  and  precious  metals  could  be 
recovered  at  the  same  time  as  the  zinc. 

Table  1*®  gives  the  metallurgical  balance  sheet  of  run  No.  1  in 
Johnson's  electric  furnace  No.  26,  January  3  to  February  13, 1914. 

Table  1. — Metallurgical  balance  sheet  of  run  No,  1,  in  Johnson  electric  furnace 

No.  26f  January  S  to  February  IS,  IdlJf.^ 

(This  balance  sheet  Is  from  the  mixing  floor  to  the  electric  furnace  producta.) 


ZIKC. 


Charge  chiefly. 
Colorado   ore 

N.  H.  ore 

Y.  P.  slimes   (raw) 


Quantity, 
iwunds. 

27,847 

47,248 

5,430 


Per  cent. 

Metal 
content, 
pounds. 

31.6 

8,835 

42.4 

11,526 

33.7 

1,831 

22,192 

•The  energy  consumption  per  ton  of  charge  was  1,490  kw.  h.     Average  Toltage,  25; 
average  amperes,  2,800. 

Theoretical  energy  consumption  with  efficient  prereducing,  per  short  ton : 
(Zn.  29  per  cent)  calcined  zinc  ore  264  kw.  h. 
(Zn.  44  per  cent)  calcined  zinc  ore  665  kw.  h. 
(Zn.  70  per  cent)  calcined  zinc  ore  900  kW.  h. 
Blectrode  carbon  consumed  in  41  days,  185  pounds,  or  4.5  pounds  per  day;  per  ton 
of  ore  treated,  6.05  pounds. 

It)  Johnson,  W.    McA.,  The  commercial   aspect  of  tiectric  zinc-lead  emelting:  Trana. 
Canadian  Blin.  InsU,  vol.  17,  1914,  pp.  120-122. 
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in  fVXdMH;  hfX7JJm  WA  jei 


CoftAeMWitkip   iM^x^. 


OAomdo   ore 

^»   U.   4i*r^  ■  ,1  ■  I  ■  ■  ■ 


y,  F,  Kljmm  (niw) 


Aecooot^  for.  Qnuitity, 


BuJlioo 2. 437. 0 

Mjitte 3.478              a  07  315l3 

I>ead  drcwfi 177  OOlO  106L2 

Hlag 45, 850             a  1S3  7a  4 

HfM'Iter 17,245              2.03  35L5 

Flue   diwt 2,602  14.5  371.0 

In  fnrnace   bottom   not  yet   re- 

oorered 2,012.6 


5^0010 


Cbarf*  cbtefl/.  Quantity,  Per         <^ 

poimdi.  cent        P''* 

Colorado  ore 27,847         160        ^^ 

N.  IL  ore 27,248         a  64        ^'^ 

Y.  P.  sUmeg  (raw) 6,430        (km        ^ 

•  ••  HppltHr  rccovory  "  !•  calculated  In  tfie  uraal  commerdil  way— I  e.,  on  th*  ^ 
of  100  per  cent  of  sine  Id  the  spelter.  The  "  condenaatloii  factor**  is  iiiDiiiri7  ^1 
culati*d. 
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Acconnted  for.  Quantity, 

Jrm.  poimdB. 

,    1 3,478 

^ 45, 850 

r 17,245 

J  ist 2,694 

j]i  aace    bottom    not    yet    re- 
ed     / 


Per  cent 
12.62 
0.239 
0.05 
0.07 


SILVXB. 

Charge  chiefly.  Quantity, 

pounds. 

do    (brown  ore) 13,288 

"do    (black  ore) 12,664 

'  No.  1 16, 427 

No.  2 4, 054 

1   (reduced) 1,831 

mix 6, 290 


^  -■  Quantity, 

«.*     «  Accounted  for.  pounds. 

^      on    2,437 

5      e 3,478 

1  dross 177 

ter 17,245 

}   dust 2,594 

: ^ 45, 860 

^  umace  bottom  not  yet  recovered 


GOLD. 

•♦. 

Charge  chiefly. 

-  orado  (brown  ore) 

^  orado  (black  ore) 

H.  No.  1 

.    H.  No.  2 

^  P.  Slimes  (reduced) 


Percent. 

iia5 

21.8 
87.0 
0.45 
0.45 
0.78 


Quantity, 
pounds. 

.  13,288 
.  12,664 
.  16,427 
.  4,054 
.  1,831 
.  6,290 


,  Quantity, 

Accounted  for.  pounds. 

\  luUion 2, 437 

\  latte 3, 478 

\«ad  dross 177 

5pelter 17,245 

.^lue   dust 2, 594 

31ag 45, 850 

In  furnace  bottom  not  yet  recoTered.  ^..— 


Metal 
content, 
pounds. 

439.0 
109.3 

ao 

1.8 

116.0 
674.7 


Ounces 
per  ton. 

22.0 

9.0 

6.2 

2.6 

4.69 

5.35 


Metal 
content, 
pounds. 

142.9 

37.9 

7.7 

3.9 

0.6 

17.9 

74.0 


284.9 

Ounces 
per  ton. 

0.04 

0.44 


0.05 


Distribu- 
tion of 
metal, 

per  cent. 

65.2 

16.2 

1.3 

0.3 

17.0 


100.0 

Metal 
content, 
ounces. 

146.0 

61.5 

51.0 

5.3 

4.3 

16.8 


284.9 

Distribu- 
tion of 
metal, 

per  cent. 

50.7 

13.5 

2.7 

1.4 

0.3 

a4 

30.0 


100.0 

Metal 
content. 

0.268 
3.008 


0.046 


3.322 


Ounces 
per  ton. 

1.07 

Metal 
content. 

1.359 

Distribu- 
tion of 
metal, 

percent. 

45.0 

0.099 

0.173 

5.8 

3.0 

0.266 

8.9 

1.520 


40." 


8^818 


lOr 
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Qnanttty, 
Aocoanted  (or.  poondB. 

Spelter 17,245 

Fine   duat 2,594 

Matte 3,478 

Lead    droas 177 

Slag 46,850 


Percent. 

Metal 
content, 
pounds. 

Dirtrlbv- 
tlonof 
metal. 

per  cent. 

98.0 

16,900 

76.3 

68.2 

1,769 

ao 

9.1 

316 

1.4 

4.0 

7 
3,156 

09 

142 

22,148  99.8 

In  furnace  bottom  not  yet  recovered — —  44  0.2 

22,192  100.0 

Per  cent. 

Spelter    recovery* 77.9 

Zinc  recovered  In  condenser 8.2 

Total  zinc  recovery 86.1 

Condensation   factor* 77.87 

» 


LEAD. 

Quantity, 
€!harge  chiefly.  pounds. 

(Colorado    ore 27,847 

N.   H.   ore 27^248 

Y.  P.  slimes   (raw) 5,430 


Accounted  for. 


Quantity, 
pounds. 


Bullion 

Matte 

Lead  dross 

Slag 

Spelter 


3,478 

177 

45, 850 

17, 245 


Flue   dust 2,662 

In  furnace   bottom   not  yet   re- 
covered   


Ounces 
per  ton. 

9.07 

60.0 
0.153 
2.03 

14.5 


Percent 
12.75 

ais 

&63 


Metal 
content 

2,437.0 

315.3 

106.2 

70.4 

351.5 

37L0 

2,042.6 

6,694.0 


Metal 
content, 
pounds. 

3,556 

1,671 

467 


6,694 

Distribu- 
tion of 
metal, 

per  cent 

42.8 
5.5 
1.9 
1.2 
6.1 
6.5 

36.0 


loao 


OOFPKB. 

Charge  chiefly.  Quantity, 

IK>unds. 

Colorado  ore 27,847 

N.  H.  ore 27,248 

Y.  P.  slimes  (raw) 5,430 


Per 

cent 

Metal 
content 
pounds. 

1.69 

470.0 

0.64 

174.4 

0.57 

30.3 

674.7 


*  *'  Spelter  recoyery  "  is  calculated  in  the  usual  commercial  way — ^1.  e.,  on  the  basis 
of  100  per  cent  of  sine  in  the  spelter.  The  "ccmdensatloa  factor'*  Is  similarly  cal* 
culated. 
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Accounted  for.  Quantity, 

pounds. 

Matte 1 3, 478 

Slag 45, 850 

Spelter 17. 245 

Fine  dust 2,504 

In    fnmace    bottom    not    yet    re- 
covered    ; 


Per  cent 
12.62 
0.239 
0.05 
0.07 


Charge  chiefly.  Quantity, 

pounds. 

Ck>lorado   (brown  ore) 13,288 

Colorado   (black  ore) 12,664 

N.  H.  No.  1 16,427 

N.  H.  No.  2 4, 054 

Slimes  (reduced) 1,831 

Old    mix 6, 290 


Quantity, 

Accounted  for.                           pounds.  Percent. 

Bullion    2.437  11^5 

Matte 3.478  2L8 

Lead  dross 177  87.0 

Spelter 17, 245  0. 45 

Fine  dust 2.594  0.45 

Slag ^ 45, 860  0. 78 

In  fnmace  bottom  not  yet  recovered 


GOLD. 

Quantity, 
Charge  chiefly.  pounds. 

Colorado  (brown  ore) 13,288 

Colorado  (black  ore) 12,664 

N.  H.  No.  1 16,427 

N.  H.  No.  2 4,054 

Y.  P.  Slimes  (reduced) 1.831 

Old  mix 6, 290 


Quantity, 
Accounted  for.  pounds. 

Bullion 2, 437 

Matte 3, 478 

Lead  dross 177 

Spelter 17,245 

Flue  dust 2, 594 

SUg  45, 850 

In  fnmace  bottom  not  yet  recovered.  — ^ — 


Metal 
content, 
pounds. 

439.0 
109.3 

ao 

L8 

116.0 
674.7 


Ounces 
per  ton. 

22.0 

9.0 

a2 

2.6 

4.69 

5.35 


Metal 
content, 
pounds. 

142.9 

37.9 

7.7 

3.9 

0.6 

17.9 

74.0 


284.9 

Ounces 
per  ten. 

0.04 

0.44 


0.05 


Distribu- 
tion of 
metal, 

per  cent. 

65.2 

16.2 

1.3 

0.3 

17.0 


100.0 

Metal 
content, 
ounces. 

146.0 

61.5 

51.0 

5.3 

4.3 

16.8 


284.9 

Distribu- 
tion of 
metal, 

per  cent. 

50.7 

13.5 

2.7 

1.4 

0.3 

a4 

30.0 


100.0 

MeUl 
content, 

0.268 

3.008 


0.046 


3.322 

Ounces 
per  ton. 

Metal 
content. 

Distribu- 
tion of 
metal, 

per  cent. 

1.07 

1.359 

45.0 

0.099 

0.173 

5.8 

8.0 

0.266 

8.9 

1.520 


40.3 


8^818 


100.0 
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tATEB  DEVTXOFHENTS. 

After  Johnson  had  convinced  himself  that  the  various  stages  of 
his  procedure  \rere  properly  correlated  he  proposed  various  methods 
of  combining  the  furnaces  used  for  the  different  steps  into  a  self- 
contained  unit  to  carry  out  the  complete  process  cheaply  and  effi- 
ciently. One  of  these  combinations  is  shown  in  Figure  12,  in  which 
^  is  a  fuel-fired  muffle  furnace,  B  the  electric  smelting  furnace,  and 
G  the  zinc  condenser.  The  previously  roasted  ore,  mixed  with  reducer 
and  flux,  is  fed  in  at  the  top  of  the  mufQe  furnace  and  rabbled  from 


Fionsa  IS. — JotuiwM] 

one  hearth  to  another  until  the  prereduction  is  complete.  It  then 
goes  from  the  lower  hearth  through  a  chute  directly  into  the  electric 
furnace  below,  in  which  it  is  smelted  and  the  zinc  vapor  led  into  the 
condenser  as  shown. 

In  1914  Johnson  was  reported  to  be  planning  a  10-ton  plant  at 
Keokuk,"  and  in  1917  the  major  rights  in  his  patents  were  sold  to 
the  American  Smelting  &.  Refining  Co.,"  who  were  to  try  them  out 
at  one  of -their  western  plants,  but  no  results  of  either  of  these  trials 
have  been  published. 
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A  patent  ^'  was  granted  in  1915  to  Johnson  on  a  proposal  to  com- 
bine his  process  with  the  usual  retort  process.  According  to  this 
proposal,  the  zinc  ore  was  treated  first  in  fuel-fired  retorts  for  re- 
covery of  the  easily  reduced  portion  of  the  zinc,  then  the  residue 
was  treated  in  an  electric  furnace  for  the  recovery  of  the  remainder 
of  the  zinc  and  the  lead,  copper,  gold,  and  silver.  In  the  usual  retort 
furnace,  a  large  share  of  the  zinc  is  recovered  rapidly  at  a  low  tem- 
perature, without  excessive  damage  to  the  retort,  and  without  the 
necessity  for  a  large  excess  of  reduction  carbon.  The  retort  furnace 
is  therefore  an  efficient  agent  for  this  stage  of  the  process.  The  con- 
tinuous electric  furnace,  on  the  other  hand,  was  particularly  adapted 
for  the  reduction  of  low-grade  ores  containing  other  valuable  metals 
thah  zinc,  such  as  the  product  of  the  preceding  step  would  be. 
Theoretically  this  proposal  is  sensible ;  whether  it  would  work  out  in 
practice  would  depend  upon  the  cost  of  the  double  handling  of  the 
material  which  would  be  necessitated. 

IHBEBT-THOliiSON-EITZaEBALD  PROCESS. 

THE  OBIOINAI.  IMBEBT  PBOCESS. 

The  work  of  Imbert,  Thompson,  and  Fitzgerald  originated  in 
methods  proposed  by  A.  H.  Imbert  for  carrying  out  the  precipita- 
tion process  of  treating  zinc  blende. 

Imbert's  first  proposal  ^*  was  to  treat  zinc-lead  sulphide  ores  with 
metallic  copper  in  externally  heated  graphite  crucibles  or  retorts 
similar  to  those  employed  for  treating  zinc-lead-silver  drosses  from 
the  desilverization  of  lead  bullion.  Zinc  blende,  which  by  itself  is 
fusible  only  at  very  high  temperatures,  was  claimed  to  melt  readily 
in  the  presence  of  copper,  and  the  zinc  and  lead  sulphides  were  de- 
composed by  the  reactions: 

ZnS  +  2CU"->CiisS  +  Zn. 
PbS  +  2Cu— CusS  +  Pb. 

The  lead  sank  to  the  bottom  of  the  retort  and  the  zinc  was  dis- 
tilled off  and  condensed  by  appropriate  means.  The  copper  was 
recovered  by  converting  the  copper  matte  according  to  the  usual 
method  and  used  again. 

Later  the  use  of  copper  was  abandoned  and  metallic  iron  or  a 
ferro-alloy  substituted,  but  since  in  the  ordinary  mixture  of  ore  and 
iron  the  reaction  proceeds  very  slowly  and  only  at  high  temperatures, 
Imbert  proposed  to  dissolve  the  zinc  sulphide  in  a  molten  bath  and 
treat  the  resulting  solution  with  iron.    He  mentioned  various  sub- 

^Johnson,  W.  McA.,  and  Hale,  E.  W.,  Duplex  smelting  process,  U.  S.  Patent  1165871, 
Dec.  12,  1915. 

>*  Imbert,  A.  H.,  Process  of  extracting  metals  from  their  sulpibldes,  U.  S.  Patent 
807271,  Dec  12.  1905. 
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stances  ^'  which  would  form  suitable  fluid  baths  for  dissolving  the 
zinc  sulphide,  among  which  were  mixtures  of  an  alkaline  earth  oxide 
and  a  metallic  oxide,  such  as  CaO  and  FeO,  a  mixture  of  3  parts 
of  iron  sulphide  with  1  part  of  iron  oxide  (this  would  dissolve  6 
parts  of  zinc  sulphide)  and  later  iron  oxide  (Fe^Os)  alone,  in  the 
proportion  of  1  equivalent  of  iron  oxide  to  2  equivalents  of  zinc  sul- 
phide. Lead  blast-furnace  slag  also  was  suggested  as  a  dissolvent 
Oxidized  zinc  ores,  or  mixtures  of  oxidized  ore  with  sulphide  ores, 
could  be  dissolved  in  a  bath  of  iron  oxide  and  sulphide  and  treated 
with  iron  in  the  same  manner  as  zinc  sulphide.^" 

THOHSON-riTZGEItAIJ)  BADIANT  &ESISTO&  FTTBKACE. 

Imbert  soon  found  that  a  fuel-fired  retort  was  not  suitable  for 
carrying  out  his  process.  At  this  stage  John  Thomson  and  F.  A. 
J.  Fitzgerald  started  to  design  an  electric  furnace  which  could 
be  used  for  the  purpose,  and  from  their  experiments  there  developed 
a  great  variety  of  carbon-resistor  furnaces,  only  a  few  representa- 
tive ones  of  which  will  be  described  here. 

The  first  group  of  these  furnaces  were  of  tiiie  radiant-resistor 
type,  in  which  the  carbon  resistor  was  placed  in  the  furnace  chamber 
just  below  the  arch,  and  radiated  heat  downward  to  the  charge. 

The  first  furnace  built  ^^  had  an  oblong  reaction  chamber  which 
was  roofed  over  by  the  resistor.  This  was  built  up  of  carbon  rods 
laid  transversely  across  the  top  of  the  reaction  chamber,  the  ends  of 
the  bottom  row  of  rods  resting  on  ledges  of  magnesite  brick.  The 
resistor  was  in  contact  with  terminals  at  either  end  of  the  furnace. 
The  smelting  chamber  of  this  furnace  would  hold  550  pounds  of 
iron. 

A  three-day  test  with  his  furnace  gave  a  radiation  loss  of  18  k^- 
with  the  temperature  of  the  bath  at  1,300*'  C.  The  full  working 
capacity  of  the  furnace  was  40  kw.,  so  that  the  efficiency  was  about 
65  per  cent.  At  the  end  of  this  test,  the  temperature  of  the  furnace 
was  gradually  raised  to  determine  at  what  point  the  furnace  would 
finally  give  way.  It  was  found  that  failure  occurred  first  by  the 
fusion  of  the  magnesite  bricks  which  supported  the  resistor  rods. 
The  arch  did  not  suflfer  as  might  have  been  expected,  as  the  pressure 
on  the  lower  carbon  rods  caused  less  resistance  and  consequently 
larger  current  and  higher  temperature  in  the  lower  part  of  the  re- 

^  Imbert,  A.  H.,  Frocees  of  treaUn«  zinc  and  lead  soli^de  orea»  U.  S.  Patent  87557^* 
Dec.  31,  1907;  Metallurgical  treatment  of  salphurous  ores  by  the  precipitation  pn)«« 
n.  S.  Patent  875579,  June  6,  1907 ;  Process  of  radudnir  ainc  ores^  U.  B.  Patent  9278^'' 
July  13.  1909. 

>•  Imbert,  A.  H.,  Metallurgical  process  of  treating  oxidised  sine  ores  l^  the  precipn** 
tion  process,  U.  S.  Patent  875580,  Dec.  31,  1907. 

>* Fitzgerald,  Francis  A.,  A  new  electrlo-resistance  furnace:  Trans.  Am.  SlectrocbaB* 
8o&»  ToL  19,  1911»  w-  273-284. 
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sistor  and  a  more  moderate  temperature  in  the  upper  part  near 
the  arch. 

Later  another  furnace  of  similar  type  of  150  kw.  capacity  was 
built.  In  order  to  obtain  the  necessary  resistance  without  making 
the  furnace  too  long,  the  furnace  was  built  with  both  terminals  at 
one  end,  the  resistor  being  in  two  sections  connected  with  each  other 
at  the  opposite  end  of  the  furnace.  One  side  of  each  section  of  the 
resistor  was  supported  on  a  ledge  running  along  one  side  of  the 
furnace,  while  the  other  sides  were  supported  on  longitudinal  arches 
spanning  the  furnace  chamber.  • 

The  inside  dimensions  of  the  reaction  chamber  were  55  inches 
square  by  10  inches  deep.  The  resistor  was  built  of  seven  layers  of 
rods  three- fourths  inch  in  diameter  by  20  inches  long.  Each  section 
of  the  .resistor  was  about  45  inches  long.  This  furnace  gave  an 
efficiency  of  about  78  per  cent  at  1,250°  C.  and  72  per  cent  at 
1,450°  C. 

It  was  found  that  the  temperature  reached  in  the  resistor  was  too 
near  the  working  limit  of  the  supporting  refractories,  so  several 
forms  of  self-supporting  resistor  were  designed.  Some  of  these  were 
simple  arches  built  up  of  carbon  wedges;  others  were  arches  built 
up  of  interlocking  corrugated  carbon  plates.  A  furnace  could  be 
arranged  to  be  heated  partly  by  fuel  and  partly  by  electricity  by 
building  a  false  arch  just  under  the  resistor,  thus  inclosing  it  in  a 
separate  chamber  in  which  a  reducing  atmosphere  could  be  main- 
tained to  prevent  oxidation  of  the  graphite. 

The  resistance  in  these  resistors  is  largely  in  the  contacts  between 
the  plates  or  rods  and  is  much  greater  than  that  of  the  graphite 
alone. 

Another  interesting  adaptation  of  the  above  design  was  for  a 
revolving  furnace  with  a  central  resistor  rod  which  might  be  built 
up  of  interlocking  plates  **  or  might  take  the  form  of  a  carborundum 
tube  filled  with  granular  carbon.** 

The  Imbert  process,  using  Thomson-Fitzgerald  furnaces,  was  ex- 
perimented with  for  several  years  in  Hohenlohehiitte,  Upper  Silesia, 
and  in  Australia,  but  was  finally  abandoned.*^ 

OTHEB  THOHSON-FITZGEBAIJ)  FTTBNACES. 

A  later  group  of  furnaces  **  designed  by  Thomson  for  the  reduc- 
tion of  zinc  ores  by  carbon  were  heated  by  a  resistor  of  granular 

ssTbomsoD,  Jolm,  Electric  furnace,  U.  S.  Patent  950880,  Mar.  1,  1010. 

tt  Thomson,  John,  and  Fitzgerald,  F.  A.  J.,  Furnace,  U.  S.  Patent  950878,  Mar.  1, 1910. 

"  Ingalls,  W.  R..  Zinc :  Mineral  Indnatry,  vol.  21,  1912,  p.  895. 

^  Thomson,  John.  Electric  zinc  furnace  with  integral  condenser,  U.  S.  Patents  1080862. 
1080863,  1080865.  1080866,  Dec.  9,  1913;  1086414,  1086415,  1086,417,  Feb.  10,  1914; 
1090427,  1090428,  Mar.  17,  1914.  Electric  zinc  furnace  with  Integral  compound  resistor 
and  compound  condensers,  T7.  S.  Patent  1086416,  Feb.  10,  1914.  Uniyersal  electric  sine 
furnace  with  integral  condenser,  U.  S.' Patent  1086418,  Feb.  10,  1914.  Universal  electric 
furnace  combined  with  means  for  condensing  zinc,  U.  S.  Patent  1000429,  Mar.  17,  1914. 
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carbon  inclosed  in  a  grating  of  refractory  rods  or  coarse  pieces  of  car- 
bon. The  resistor  was  surrounded  by  and  embedded  in  the  ore 
charge  and  the  zinc  vapors  passed  through  the  granular  carbon  of 
the  resistor  into  a  condenser  which  was  built  as  an  integral  part 
of  the  furnace. 


CROSS    SECTION. 


LONOmJDINAL   SECTION. 


rr 


PLAN. 

FiGURB  13. — ^Thomson -Fitzgerald  radiant  resistor  furnace  for  the  redistillation  of  spelter 
and  scrap  zinc — plan,  cross  section,  and  longitudinal  section  (from  Fitzgerald,  F.  A.  J., 
Radiant  resistor  fiirnoco,  Trans.  Am.  Electrochem.  Soc.  vol.  36,  1919,  pp.  850-352)  : 
a.  Wall  of  beat-insulating  brick ;  b,  diapliragms ;  d,  inner  walU  of  fire  brick ;  f,  open- 
ing to  condenser ;  I,  hearth ;  o,  hole  for  pyrometer  tube ;  p,  tapping  spout ;  r,  sigzag 
resistors ;  s,  inclined  tube  for  charging  molten  zinc. 

During  the  war  the  price  of  high-grade  zinc  increased  so  much 
that  there  was  incentive  for  experiments  on  the  redistillation  of 
low-grade  spelter  or  scrap  zinc,  and  Thomson  and  Fitzgerald  adapted 
their  radiant-resistor  furnace  to  this  use.     The  design  of  a  furnace 
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modified  for  this  purpose  is  shown  in  Figure  13  (plan,  vertical  sec- 
tion, and  transverse  section).  The  furnace  was  about  6^  feet  long. 
The  inner  walls  were  of  fire  brick  rf,  outside  of  which  was  a  wall 
of  heat-insulating  brick  a.  The  premelted  zinc  was  introduced  into 
the  hearth  I  through  the  inclined  tube  «,  the  lower  end  of  which 
extended  below  the  surface  of  the  molten  bath.  The  furnace  was 
heated  by  zigzag  resistors  r,  which  were  made  from  graphite  slabs 
with  slots  cut  in  them  to  increase  the  path  of  the  current.  In  the 
later  forms  of  this  resistor  the  slots  are  filled  with  alundum  cement, 
thus  materially  increasing  its  strength.  Above  the  resistor  were 
two  diaphragms  6.  The  lower  consisted  of  transverse  plates  sepa- 
rated by  a  slight  space,  and  the  upper  was  solid  but  did  not  extend 
to  the  end  of  the  furnace.  The  zinc  vapor  passed  between  the  plates 
of  the  lower  diaphragm,  aroimd  the  end  of  the  upper  one,  and 
thence  out'  of  the  opening  /  to  the  condenser.  The  roof  of  the  fur- 
nace was  of  carbon  slabs  covered  with  fire  brick  and  insulating 
brick.  The  hole  o  admitted  a  pyrometer  tube.  The  condenser  was  a 
flat  box  100  by  50  by  7  cm.,  with  a  series  of  transverse  baffle  plates. 
It  was  heated  with  a  charcoal  fire  at  the  start,  but  as  soon  as  distil- 
lation was  well  started  no  external  heating  was  necessary,  and  a 
good  condensation  to  liquid  zinc  was  obtained. 

Experimental  work  on  the  redistillation  of  zinc  was  carried  on  for 
several  months  with  this  furnace,  with  considerable  success.  The  re- 
sults of  a  87-hour  run  were  as  follows :  ** 

Results  of  SI -hour  run  with  Thomson-Fitzgerald  radiant-resistor  furnace. 

Average  power  used  during  distillation kilowatt 65.2 

Total  energy  for  distillation ..kilowatt  hour—  2,05> 

Minimum  temperature  of  zinc  entering  condenser •C 1,040 

Average  temperature  of  zinc  entering  condenser do 1, 225 

Average  temperature  of  zinc  in  premelter do 550 

Weight  of  zinc  condensed  (3,494  pounds) kilograms;-.  1, 558 

Weight  of  zinc  condensed  per  hour  (95  pounds) do 43 

Energy  per  kilogram  of  zinc kilowatt  hour.-    1. 29 

Energy  per  pound  of  zinc do .  59 

The  total  energy  consumption  per  pound  of  zinc,  including  pre- 

melting,  during  the  last  9  hours  of  the  run,  was  0.62  kw.  h. 

Recently  Thomson  has  patented  a  furnace  *'  for  the  smelting  of 
zinc  ore  in  which  the  resistor,  made  of  a  carbon  plate  cut  into  zigzag 

shape,  extends  through  the  center  of  the  furnace,  heating  partly  by 

conduction  and  partly  by  radiation,  the  ore  charge  lying  in  piles  on 

either  side  of  it. 

« Fitzgerald,  F.  A  J.,  Radiant  resistor  furnace :  Trans.  Am,  Elcctrochem.  Soc,  vol.  30, 
1919,  pp.  349-356. 

"Thomson,  John,  Electric  furnace  for  reducing  oxidized  zinc  concentrates  by  carbon, 
U.  8.  Patent  1321683,  Nov.  11,  1919. 
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THTFtKBT  FUIUTACES. 

A  series  of  patents  "  have  been  Issued  to  C.  V.  Thierry  alone,  and 
to  C.  V.  and  M.  Thierry,  on  a  group  of  furnaces  similar  to  the 
granular  carbon-resistor  furnaces  of  John  Thomson,  Thierry's  ob- 
ject was  the  reduction  of  a  concentrated  zinc  oxide  product  with  car- 
bon, so  no  provision  was  necessary  for  taking  care  of  a  solid  or  liquid 
residue,  except  to  provide  for  an  occasional  cleaning  out  of  the 
furnace. 

One  of  these  furnaces  is  shown  in  cross  section  in  Figure  14.  In 
this  furnace,  a  is  the  reaction  chamber  on  the  bottom  of  which  lies 


tlie  granular  carbon  resistor  6,  making  contact  with  the  electrodes 
at  opposite  ends  of  the  furnace,  Tlie  chamber  is  closed  by  the  cover 
c.  The  resistor  preferably  having  been  previously  heated  to  smelt- 
ing temperature,  the  charge  e  of  zinc  oxide  and  reducer  is  introduced 
through  the  hoppers  onto  the  surface  of  the  bed  of  carbon.  The  zinc 
vapor  produced  by  the  reduction  of  the  zinc  oxide  passes  through  the 
carbon  of  the  resistor  and  into  the  condensers  d,  which  also  contain 
granular  carbon.  The  condensers  are  arranged  to  be  preheated  by 
means  of  the  grates  /.  This  furnace  is  claimed  to  have  given  good 
yields  of  metallic  zinc.'° 

THE  TATLOE  ^AFT  FirEHAC£. 

Edward  R.  Taylor  has  designed  a  series  of  shaft  furnaces  for 
smelting  oi-es.     One  of  these  intended  for  the  smelting  of  zinc  ores 

"Thierry,  C.  v..  MetallurKj  o'  '-Idc 
Klfftrlc  line  furna<v  with  Inti-gral  <■< 
1122003,  1122004.   Det.  23.  I'JH, 

» InsallB.  W.  B.,  Zinc  :  Mineral  IndUBtry.  vol.  21,  1612,  pp.  B94,  896. 
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was  described  by  him  in  a  paper  read  before  the  American  Electro- 
chemical Society  in  1907." 

The  following  description  is  quoted  from  this  paper : 


The  fnmace  stmcture  (Bg.  15)  comprises  a  base  1,  redoclDg  chamber  2,  and 
abaft  S,  the  latter  for  the  Introdactlon  of  the  charge  and  the  removal  of  cer- 
tain of  the  gases  formed  Id  the  operation. 
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The  base  may  be  formed  of  a  series  of  masonry  arches  supporting  the  super- 
structure and  Inclosing  a  collecting  chamber  15.  Within  the  furnace  and  above 
the  base  are  horizontal  electrodes  4  of  carbon  supported  by  masonry  piers  8 
and  provided  with  metallic  conductors  5  and  6,  On  either  side  of  each  elec- 
trode are  vertical  retaining  walls,  and  near  the  upper  portion  is  a  charging 
aperture  9  provided  with  a  suitable  closure.  In  the  upper  portion,  and  sup- 
I)orted  in  part  by  these  walls.  Is  a  hood,  or  bell  10,  flaring  outward  and 
downward,  and  serving  for  the  collection  and  withdrawal  of  some  of  the 
gaseous  products  of  the  reaction.  This  hood  may  be  constructed  of  Iron  or 
steel  for  moderate  temperature  work,  or  suitable  refractory  material  for  oper- 
ations demanding  higher  temperatures,  or  exposed  metal  portions  may  be  pro- 
tected with  refractory  materlaL  H  represents  a  pipe  for  the  removal  of  the 
lighter  gases,  such  as  carbon  monoxide  (00). 

Within  the  base  of  the  furnace  is  the  chamber  15,  referred  to  before,  which 
serves  for  the  collection  of  the  volatile  metal  portions  resulting  from  the  reac- 
tion. This  chamber  connects  with  the  furnace  pro];>er  by  means  of  the  conduits 
16,  which  may  be  made  of  flre-clay  tubes  or  graphitic  carbon,  or  may  be  built 
within  the  masonry  of  the  furnace.  These  conduits  are  provided  with  legs 
17  extending  into  the  Interior  of  the  furnace  at  a  point  somewhat  above  the 
electrodes  (or  so  they  will  not  be  covered  with  the  charge  passing  through 
the  furnace)  and  with  legs  18  extending  into  the  collecting  chamber.  Legs  19 
and  20,  in  prolongation  of  legs  17  and  18,  pass  through  the  walls  of  the  furnace, 
and  are  provided  with  suitable  closures.  These  extensions  afford  opportunity 
for  Inspection  and  cleaning  of  the  conduits.  In  some  cases  It  may  be  desirable 
to  withdraw  some  of  the  furnace  products  through  the  legs  19, 

Adjacent  to  these  conduits,  and  preferably  arranged  on  two  or  more  levels 
of  the  furnace,  are  a  plurality  of  screws  or  equivalent  mechanical  devices  23 
and  24,  constructed  and  arranged  to  continuously,  or  from  time  to  time,  force 
portions  of  the  furnace  charge  into  the  reaction  zone.  As  best  shoven  in 
Figure  15,  C,  a  plurality  of  these  screws  are  arranged  radially  around  the 
periphery  of  the  furnace,  and  in  operation  serve  to  force  the  material  into 
the  field  of  reactlcm  between  the  electrodes.  As  shown  in  Figure  15,  D,  the 
same  screws  are  mounted  In  two  or  more  superposed  rows,  the  screws  23  In 
the  upper  row  being  bladed  at  their  inner  ends  only,  while  the  screws  24  of 
the  lower  row  are  bladed  from  their  inner  ends  nearly  or  quite  to  the  furnace 
walls,  and  inclined  upwardly  toward  the  reaction  zone.  The  purpose  and 
effect  of  this  construction  Is  to  insure  that  portions  of  the  charge  which 
descend  along  the  periphery  of  the  furnace,  past  the  screws  23,  shall  be  con- 
veyed by  the  screws  24  to  the  field  of  reaction  through  the  surrounding  charge. 

Ores  adapted  to  being  worked  in  a  furnace  of  this  construction  are  fed  into 
the  furnace  at  the  top  apertures  22  provided  for  that  purpose.  They  may  be 
previously  mixed  with  carbon  or  other  reducing  material,  or,  if  necessary,  with 
suitable  fiuxea  Broken  carbons  may  be  fed  upon  the  electrodes  as  required 
through  openings  9.  Several  years  in  the  use  of  broken  carbons  in  the  rein- 
forcement of  the  main  carbon  electrode  has  amply  demonstrated  their  great 
usefulness,  both  for  regulating  the  current  and  prolonging  the  life  of  the  main 
carbon  electrode.  For  an  expenditure  of  $175  for  the  main  carbons  we  have 
been  enabled  to  produce  2,000,000  pounds  of  bisulphide  of  carbon  in  the  electric 
furnace.  In  much  electric  furnace  work  the  cost  of  carbons  is  a  large  item  in 
the  cost  of  the  finisdied  product,  which  is  here  shown  to  be  almost  infinitesimal, 
certainly  not  one  of  the  larger  of  the  fixed  charges  of  running  a  plant 

As  the  ore  is  moved  forward  into  the  reaction  zone  it  is  replaced  by  fresh 
portions  from  the  periphery  of  the  furnace.  Any  slag  or  nonvolatile  reduction 
products  may  be  drawn  off  from  time  to  time  through  the  tap  holes  27  and  28» 
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Provision  is  made  for  the  lighter  gases  to  pass  through  the  hopper  10  and 
the  pipe  14,  while  the  heavier  volatile  metals  may  pass  more  readily  through  16 
to  the  receiving  chamber  i5,  entering  by  the  pipes  18,  and  such  gases  as  are 
not  condensed  under  such  circumstances  out  through  the  pipe  29.  By  con- 
trolling the  openings  H  and  29,  the  direction  and  movement  of  these  gases  and 
vapors  may  be  directed  and  controlled. 

The  metal  collecting  In  15  may  be  tapped  off  through  the  tap  holes  26, 

COTE  Aim  PIEBEON  PKOCESS. 

EAJEULY  EXPERIMENTS. 

E.  F.  Cote  and  P.  R.  Pierron  at  first  directed  their  attention  largely 
to  the  direct  treatment  of  raw  zinc  sulphide  ores  with  metallic  iron 
in  an  electric  furnace.  In  this  way  they  hoped  to  do  away  with 
some  of  the  difficulties  of  condensing  zinc  vapor  in  the  presence  pf 
the  large  amounts  of  carbon  monoxide  and  considerable  proportions 
of  COa  formed  when  the  ore  is  first  roasted  and  then  reduced  with 
carbon.  They  found,  however,  that  due  to  the  moisture  and  carbo- 
nates in  the  ore  and  the  air  introduced  into  the  furnace  with  the 
charge,  considerable  quantities  of  harmful  gases  were  still  produced. 
They  therefore  introduced  a  column  of  incandescent  carbon  between 
the  furnace  and  the  condenser  to  reduce  the  carbon  dioxide  and  water 
vapor  to  carbon  monoxide  and  hydrogen. 

Their  various  patents  are  mainly  on  different  designs  for  com- 
bining the  electric  furnace  and  the  colunrn  of  carbon  in  practical 
form.  In  some  of  these  the  carbon  was  heated  electrically  and  in 
others  it  was  so  managed  that  the  heat  of  the  gases  going  into  it 
would  keep  it  at  the  necessary  temperature, 

VLEUBVILLE'S  BESCBIPTION  01*  THE  FBOGESS  IK  1908. 

In  1908,  Eugene  Fleurville  published  a  comprehensive  account  of 
the  development  of  the  Cote  and  Pierron  process  and  a  description  of 
the  furnace  then  in  use.^^  Figure  16  is  a  diagram  of  the  furnace. 
The  bottom  and  side  walls  of  the  crucible  a  were  made  of  graphite, 
incased  in  sheet  metal,  and  were  connected  to  one  pole  of  the  electric 
circuit.  There  was  a  projection  b  in  the  center  of  the  furnace  bot- 
tom, directly  under  the  electrode  <j,  so  that  the  current  flowed  between 
this  projection  and  the  electrode.  The  arch  d  was  of  refractory 
brick.  The  holes  e  served  for  the  introduction  of  the  charge  and 
could  be  closed  by  refractory  stoppers.  The  zinc  vapor  passed 
through  the  outlet  g  and  passage  h  to  the  condenser  /,  which  was  a 
vertical  chamber  filled  with  pieces  of  carbon  i.  The  condenser  was 
tapped  through  the  hole  0.  Air  could  be  admitted  at  k  and.  drawn 
into  the  stack  m,  allowing  the  carbon  in  the  upper  part  of  the  cham- 

■^  Fleurville,  Eugene,  Electric  zinc  smeltiiig:  Electrochem.  and  Met.  Ind.,  vol.  7,  No- 
Tomber,  1000»  pi».  468-472. 
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FlODU  16.— Cote  and  PlorroQ  furnace  (French  Patent  3Sr.0I8,  3d  addition.  Not.  6,  1908)  : 
a,  Crucllile;  b.  projection  from  botlom  «l(>clro[Ic:  e,  electrode ;  d.  arch  ;  t,  chirse  boln: 
/,  Bpout  I  g,  outlet ;  h,  pniwige  (or  line  rapora :  i,  carbon  ;  /,  condenser :  t,  opening  for 
admlBSIos  at  air ;  m,  stack ;  li,  opening  for  cleaning  cbannets ;  o,  bole  for  drawlOK  line. 
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ber  to  be  heated  to  a  red  heat.  The  downward  passage  of  the  carbon 
was  regulated  so  that  the  heat  of  the  gases  coming  into  the  con- 
denser, with  the  heat  liberated  by  the  condensation  of  the  zinc, 
would  keep  the  condenser  at  the  proper  temperature  for  the  reduc- 
tion of  "  zinc  mist "  and  condensation  of  the  zinc.  The  opening  n 
was  provided  for  cleaning  th^  channels  g  and  h  in  case  of  clogging. 
The  condenser  could  have  been  heated  electrically  if  necessary. 

The  charge  was  first  dried  on  the  roof  of  the  furnace.  The  pre- 
vious charge  having  been  tapped  out,  the  upper  electrode  was 
lowered  into  contact  with  the  projection  &.  The  charge  was  then 
introduced  through  the  holes  6^  the  holes  again  closed,  and  a  new 
charge  placed  on  top  of  the  furnace.  The  electrodes  being  in  con- 
tact with  each  other,  practically  no  current  passed  through  the 
charge,  which  was  heated  only  by  contact  with  the  electrodes.  The 
lead  was  precipitated  at  this  stage  and  tapped  out.  The  door  o 
at  the  bottom  of  the  condenser  was  left  open  during  this  time  and 
the  pieces  of  carbon  allowed  to  slide  down  enough  to  clean  the  con- 
denser. At  the  same  time,  the  carbon  was  heated  to  the  proper 
temperature  by  the  gases  produced  in  the  furnace.  After  the  lead 
had  all  been  precipitated  and  removed  from  the  furnace  the  tap 
hole  and  condenser  door  were  closed  and  the  electrode  c  gradually 
raised  so  that  the  charge  was  heated  by  resistance  and  arc  heating. 
The  zinc  liberated  and  the  iron  sulphide  formed  settled  into  the 
annular  ring  around  the  lower  electrode  projection.  Finally,  by 
simple  arc  heating,  the  last  of  the  zinc  was  set  free  and  the  slag 
was  melted  and  tapped  out,  leaving  the  furnace  ready  for  the  next 
charge. 

The  iron  sulphide  was  to  be  sold  to  sulphuric  acid  manufacturers, 
partly  compensating  for  the  cost  of  the  metallic  iron  used. 

The  hot  zinc  vapor  going  into  the  condenser  maintained  the  lower 

part  of  its  column  of  carbon  at  a  sufficient  temperature  to  reduce  any 

zinc  oxide  in  the  vapor.     As  the  vapor  passed  up  into  the  cooler 

regions,  it  was  condensed  to  liquid  zinc  and  trickled  to  the  bottom 

where  it  was  tapped  oflF.    Any  dust  or  foreign  material  tending  to 

clog  the  condenser  was  removed  by  raking  out  some  of  the  carbon 

from  time  to  time  and  fresh  carbon  was  introduced  at  the  top  to 

replace   it.    The  small   amount  of   carbon  monoxide   passed   out 

through  the  stack  m.     Incomplete  condensation  of  gas  would  be 

shown  by  escaping  fumes  of  zinc  oxide ;  then  the  temperature  of  the 

condenser  could  be  lowered  by  increasing  the  speed  of  the  passage  of 

the  carbon  down  the  condenser  or  by  cutting  down  the  power  to  the 

furnace  crucible.  ' 

•  The  first  experiments  with  this  process  on  a  semicommercial  scale 

were  made  in  1906  at  Lyons,  France.    The  furnace  consisted  of  a 

cylindrical  crucible  of  40  cm.  inside  diameter  and  45  cm.  high,  built 
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up  of  magnesia  brick  held  together  by  a  metal  casing.  The  elec- 
trodes were  placed  vertically  along  the  central  axis  of  the  crucible 
and  charge  hopper.  The  furnace  worked  somewhat  on  the  same 
principles  as  the  one  above  described.  The  experiments  with  this 
furnace  were  intended  chiefly  to  work  out  the  chemical  problems 
of  the  precipitation  reactions,  power  consumption,  metal  losses,  and 
electrode  consumption.  No  particular  effort  was  made  to  obtain 
liquid  zinc. 

The  Soci6be  des  Fonderies  Electriques  was  formed  in  1907  to  con- 
tinue the  experiments  on  a  larger  scale.  The  plan  was  first  to  study 
the  suitability  of  various  types  of  furnaces  for  the  process  and  then  to 
determine  the  cost  of  operation  and  commercial  possibilities  of  a 
500-horsepower  plant.  It  was  intended  to  treat  low-grade  zinc  ores 
for  the  recovery  of  zinc  white,  leaving  the  problem  of  condensation 
of  spelter  till  later.  After  successful  completion  of  this  step,  a  1,200 
to  1,500  horsepower  plant  was  to  be  built  for  the  making  of  zinc 
white.  As  experience  was  acquired  in  the  handling  of  large  volumes 
of  zinc  vapor,  the  production  of  liquid  spelter  was  to  be  increased 
until  practically  all  of  the  zinc  was  recovered  as  metal. 

At  the  time  Fleurville's  article  was  written,  the  first  step  of  this  pro- 
gram had  been  successfully  completed.  Furnaces  of  many  types  were 
tried,  the  one  finally  adopted  being  of  the  type  described  above.  The 
author  notes  that  the  manufacture  of  zinc  oxide  involves  its  own 
problems  which  may  or  may  not  be  less  difficult  than  the  problems  of 
zinc  condensation. 

Following  are  the  results  of  a  typical  furnace  run  : 

Total  time  of  series  of  experiments,  240  hours. 
Weight  of  ore  smelted  during  that  time,  14,560  kilograms. 
Average  zinc  content,  43.6  per  c«it. 
Weight  of  Iron  mixed  with  ore,  6,235  kilograms. 
Weight  of  fluxes  added  to  the  charge,  3,480  kUograms. 
ftfean  current,  4,300  amperes;  voltage,  40;  power  factor,  0.80. 
Weight  of  zinc  oxide  obtained,  6,730  kUograms. 

Metallic  zinc  condensed  before  passage  to  the  combustion  apparatus,  182  kilo- 
grams. 
Zinc  content  In  the  slag  and  Iron  sulphide,  2.7  per  cent. 
Ck)nsumptlon  of  electrodes,  193  kilograms. 
Electric  energy  cost  $13  per  horsepower  year. 
Electrodes  cost  $10.40  per  100  kilograms. 
Iron  cost,  $12  per  ton ;  lime,  $3  per  1,000  kilograms. 
The  workmen  were  paid  an  average  of  60  cents  per  day. 

Under  these  conditions  the  cost  of  4,912  kilograms  of  oxide  and 
metallic  zinc  was  $479,  not  including  general  expenses  but  including 
maintenance  of  the  furnaces.  Adding  the  cost  of  packing  and  load- 
ing into  cars  brought  the  total  cost  to  $526.    The  oxide  was  sold  for 

$640. 
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For  the  production  of  commercial  zinc  white,  the  use  of  iron  was 
later  given  up  because  some  of  the  iron  volatilized,  discoloring  the 
zinc  oxide.  Instead  of  iron,  lime  and  carbon  were  used.  These  react 
with  the  blende  according  to  the  reaction  ZnS-}-CaO+C=CO+CaS 
+Zn.  The  results  for  a  furnace  run  using  this  method  of  reduction 
are  given  and  are  similar  to  those  obtained  when  iron  was  used.  The 
zinc  oxide  produced  analyzed  98.6  to  99  per  cent  ZnO,  0.4  per  cent 
moisture,  0.2  to  0.3  per  cent  iron,  and  0.6  to  0.7  per  cent  silica,  lime, 
and  other  impurities.  The  ore  was  free  of  other  metals  which  would 
contaminate  the  oxide. 

TEST  BEPOBTED  IN  1914. 

In  1914  results  were  reported  of  a  test  in  which  the  zinc  was 
obtained  as  spelter."  In  72  hours  the  furnace  smelted  9,560  kg.  of 
blende,  assaying  34.8  per  cent  zinc,  mixed  with  2,970  kg.  of  iron. 
The  electric  energy  used  was  16,285  kw.  h.  There  were  produced 
2,800  kg.  of  spelter,  assaying  99.06  per  cent  zinc.  The  iron  sulphide 
and  slag  weighed  9,730  kg.  and  ran  1.85  per  cent  zinc.  Electrode 
consumption  was  110  kg.  The  daily  capacity  of  the  furnace  was 
placed  at  3,200  kg.  of  ore  at  1,700  kw.  h.  per  metric  ton  (1,574  kw.  h. 
per  ton  of  2,000  pounds) .  Two  men  \yere  required  to  operate  the 
furnace.  The  cost  per  metric  ton  of  34  per  cent  to  38  per  cent  ore 
was  $9.62,  or  $8.63  per  ton  of  2,000  pounds. 

COMPOXTNI)  SMELTINQ  FUBNACE  AND  CONDENBEB. 

In  1917  G.  Flusin  reported  ^*  that  a  plant  was  under  construction 
at  Maurienne,  France,  which  was  to  have  four  500-horsepower  fur- 
naces with  a  daily  capacity  of  4  metric  tons  of  ore  per  furnace. 

The  process  as  used  at  that  time  consisted  of  the  treatment  of  raw 
blende. or  mixed  sulphides  with  lime  and  carbon  in  a  "compound 
furnace."  This  was  really  a  combination  of  two  furnaces.  The 
charge  was  smelted  in  the  first  furnace,  of  the  arc-resistance  type. 
The  second  furnace,  of  the  indirect-resistance  type,  received  the  zinc 
in  the  form  of  droplets  and  zinc  dust  directly  from  the  first  furnace, 
and  with  the  addition  of  a  small  amount  of  heat  energy,  revolatilized 
it  as  pure  zinc  vapor  which  was  condensed  to  liquid  spelter.  The 
power  consumption  was  estimated  at  2,000  to  2,200  kw.  h.  per  metric 
ton  of  35  per  cent  zinc  ore.  Seventy  to  75  per  cent  of  the  power  was 
used  in  smelting  and  25  to  30  per  cent  in  redistillation.  The  slag 
assayed  1.5  per  cent  zinc  and  the  spelter  99.93  per  cent.    The  total 

* Eteglneering  and  Mining  Journal,  The  Cote-Plerron  electric  zinc-smelting  process: 
Vol  97,  Apr.  11,  1914,  p.  756. 

•  Flusin,  G.  [Recent  development  of  the  Cote  and  Pierron  electric  zinc-smelting  proc- 
ess] :  Bull.  Tech.  Suisse  Romande,  vol.  23,  No.  17,  1917,  p.  233 ;  abstract.  Met.  and  Chem. 
Sng.,  vol.  18,  Jan.  1,  1918.  p.  17. 
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loss  of  zinc  was  less  than  10  per  cent.    Electrode  consumption  was 
12  kg.  per  metric  ton. 

The  compound  furnace  mentioned  by  Flusin  is  evidently  of  the 
type  described  in  Cote  and  Pierron's  United  States  Patent  1,184|520 
of  May  23,  19lfl.  Figures  17  and  18  illustrate  this  furnace.  The 
smelting  furnace,  Figiire  17,  is  similar  to  the  earlier  one  described  by 
Fleurville,    The  vapors  from  this  pass  into  the  chamber  A  of  the 


riGinu  t7.-~C«te  a&<)  PImtod  nneltlDB  Ii 
a,  Cbuuber ;  t,  clrclrode ;  c^  d,  bwbus 

refining  furnace,  Figure  18.  Here  most  of  the  zinc  condenses  as  dust 
and  droplets  and  falls  upon  the  bed  of  carbon  below.  Any  zinc  vapor 
remaining  is  condensed  in  the  carbon  column  /.  The  column  of  car- 
bon below  the  condensing  chamber  is  caused  to  move  downward, 
carrying  the  zinc  powder  with  it,  by  removing  carbon  through  doors 
at  the  bottom  and  replacing  it  with  the  carbon  raked  out  of  the 
column  j,  which  in  turn  is  replaced  by  a  fresh  supply.  As  the  zinc 
powder  is  carried  below  the  narrowed  region  k  of  the  column,  it  is 
heated  by  an  electric  current  between  the  graphite  ring  I  and  the 
electrode  t  and  revolatilized.     The  pure  zinc  vapor  thus  produced 


COTE  AND  PIEBRON   PROCESS. 


Fioum  18. — Cote  BDd  Plerron  refluiiiK  lurnaeo  {V.  8.  Palcot  1184520,  May  23,  1(110)  : 
h,  L'onilBiiaing  cbamber ;  j,  carbgn  colnmti ;  t,  iiiirrow  regloo  of  colamn  ;  1,  grapblte 
iIdk;  o,  annular  ilng  serving  as  condenaer  for  refined  ilnc  vapor;  t,  electrode. 
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passes  through  the  elite  and  into  the  annular  ring  o.  Here  it  is 
condensed  to  liquid  metal  and  is  collected  at  the  bottom  of  the  con- 
denser compartments.  Any  liquid  zinc  which  passes  down  the  carbon 
column  without  being  revolatilized  is  collected  at  the  bottom  of  the 
colimin. 


GIN  INDUCTION  FTTIUTACE. 

One  of  the  early  furnaces  suggested  for  the  electrothennic  pro- 
duction of  zinc  was  the  induction  furnace  of  Gustave  Gin  shown  in 
Figure  19.    The  two  parallel  channels  a  formed  the  wotting  cham- 
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bers  of  the  furnace,  and  with  the  conduits  b  of  circular  cross-section 
made  up  the  secondary  circuit  of  a  transformer.  The  two  insulated 
copper  coils  d,  connected  in  series,  wound  on  the  upper  horizontal 
branches  of  the  double  magnetic  ci^x^uit  c  formed  the  primary  cir- 
cuit of  the  transformer,  m  magnetic  core  and  primary  wSding 
Tv^ere  protected  from  the  hot  furnace  walls  by  air  cooling  and  by  the 
"water-cooled  channels  e. 

The  whole  furnace  was  contained  in  an  iron  shell  resting  upon 
two  iron  trimnions  /.  The  lining  was  of  burnt  dolomite  tamped  in 
with  a  pitch  binder. 

A  bath  of  iron  or  other  metal  in  the  working  channels  and  con^ 
necting  conduits  served  to  carry  the  secondary  current  and  produced 
the  heat  for  smelting  the  charge  which  was  spread  upon  its  surface. 
The  iron  could  take  part  in  the  reduction  of  the  zinc,  if  desired,  or  if 
roasted  ore  and  carbon  were  charged  the  iron  would  simply  serve 
as  resistor.  The  zinc  vapor  and  gases  produced  passed  through  the 
channel  i  into  the  condensing  chambers  m  and  n,  and  thence  out 
through  the  conduit  a  to  the  dust  chamber  p  and  stack  q.  The  fur- 
nace could  be  tipped  by  the  motor-driven  jackscrew  s  to  facilitate 
the  tapping  operation,  pouring  at  r. 

WOKK  OF  F.  T.  SNYDEE  AND  THE  CAITASA  ZTSQ  CO. 

DESCBIPTION  OF  SOME  OF  THE  SNYBEB  FTTBNACES. 

From  1906  to  1909,  patents  were  granted  to  Frederick  T.  Snyder 
on  several  furnaces  and  processes  for  smelting  zinc  ores  electrically.'® 

These  included  an  induction  furnace,  two  vertical  shaft  furnaces, 
and  several  forms  of  slag-resistance  furnaces.  Snyder  appreciated 
the  beneficial  effect  of  prereduction  of  the  charge  and  of  a  concen- 
trated zinc  vapor  in  obtaining  condensation  to  liquid  zinc,  and  took 
these  into  consideration  in  his  design. 

Two  of  these  furnaces,  one  of  vertical-shaft  type  and  one  of  the 
slag-resistance  type,  are  illustrated  in  Figures  20  and  21. 

The  shaft  furnace  shown  in  Figure  20  had  a  fire-brick  base,  a, 
inclosed  in  an  iron  shell,  a^,  held  in  place  by  lugs,  p^  surmounted  by 
the  water-jacketed  rectangular  furnace  shaft  6,  which  was  left  open 
at  the  top  to  receive  the  charge  and  permit  the  escape  of  uncondensed 
vapors.  The  crucible  was  to  be  kept  full  of  molten  metal,  matte,  and 
slag.  A  longitudinal  row  of  three  electrodes,  c?,  projected  vertically 
downward  into  the  furnace  far  enough  for  the  ends  to  dip  into  the 

so  Snyder,  F.  T.,  Metallurgical  process,  U.  S.  Patents  814810,  Mar.  13,  1006;  859185, 
July  2,  1907.  Electric  furnace,  U.  S.  Patoita  825359.  July  10,  1006 ;  859136.  859137, 
July  2,  1907 ;  942110,  Dec.  7,  1909.  Proceea  of  treating  ores,  U.  S.  Patent  834644,  Oct. 
30,  1906.  Smelting  process,  U.  S.  Patents  859132.  859134,  July  2,  1907.  Smelting  fur- 
nace, U.  8.  Patent  859133,  July  2,  1907.  Process  of  treating  zinc  ores,  U.  S.  Patent 
938183.  Sept.  7,  1800. 
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molten  conducting  material  in  the  crucible.  These  electrodes  w« 
star  connected  to  a  three-phase,  alternating  current,  the  neutral  po: 
being  connected  to  the  metal  in  the  crucible  of  the  furnace. 

The  hopper  d  was  arranged  to  feed  powdered  coke  immediat* 
around  the  electrodes,  the  main  body  of  the  charge  being  fed  betwt 
the  outer  edges  of  this  hopper  and  the  side  walls  of  the  furnace.  T 
consumption  of  electrodes  was  thus  considerably  reduced. 

In  operating  the  furnace  the  top  of  the  charge  was  maintained 
a  temperature  low  enough  to  condense  zinc  vapor  and  prevent 


FmCHZ  30. — Snyder  sliart  rurnace  (U.  8,  Patont  04S110.  Dec  T.  1000)  :  a.  Plrr-b 
base ;  a',  Iron  sbpll ;  h,  Fnrnacc  shaft ;  t,  eUptrades ;  <t.  hopiwr ;  ft.  dralna  for  lit 
eIdc  ;  V,  water  Jackets  ;  m,  ainc  wdla  ;  o,  Irad  wvll ;  p,  luga  ;  s,  slag  tap, 

escape.  As  the  charge  traveled  down  the  shaft  it  was  gradua 
heated  and  the  easily  reducible  oxides  were  reduced  to  metal.  T 
gases  from  this  preliminary  reduction,  which  would  otherwise  dili 
the  zinc  vapor  formed  later,  were  thus  eliminated  before  the  char 
reached  the  temperature  for  the  reduction  of  zinc  oxide.  When  t 
charge  reached  the  smelting  zone  the  zinc  oxide  was  reduced,  t 
resulting  CO  gas  escaped  from  the  top  of  the  furnace  while  the  zi 
vapor  condensed  in  the  cooler  portions  of  the  charge  and  was  i 
turned  with  it  to  the  smelting  zone.  In  this  way  the  charge  « 
progressively  enriched  until  a  largo  part  of  the  zinc  condensed 
liquid  metal  against  the  water  jackets.  It  then  flowed  down  the  sid 
of  the  furnace  and  escaped  through  the  drains  k  provided  for  tl 
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purpose.  The  shelf,  or  crust,  of  slag  formed  around  the  sides  of 
the  fomace  just  below  the  drains  by  the  cooling  effect  of  the  water 
jackets  h'  assisted  in  diverting  the  liquid  zinc  into  the  drains. 

The  remainder  of  the  charge,  after  tJie  zinc  was  distilled  off,  melted 
to  slag,  matte,  and  bullion  and  settled  into  the  crucible.  The  slag  and 
matte  were  drawn  off  through  the  slag  tap  a  at  the  top  of  the  crucible 
while  the  lead  was  ladled  out  of  the  leiui  well  o,  which  communicated 
with  the  bottom  of  the  crucible. 

The  liquid  zinc  that  drained  from  the  tubes  h  was  collected  in 
well  m,  in  the  base  of  the  furnace,  which  could  be  connected  to  the 
lower  part  of  the  crucible.    These  wells  served  to  permit  the  refin- 


FiooED  21. — Bnydar  elag-rest stance  forntce  (C.  S.  Patent  8G913T,  July  S,  1907)  :  o,  Fur- 
Dace  chamber;  a',  i',  cbambcrB  filled  wilb.  molteii  lend;  b.  te'ldge  wall;  h',  water 
Jacket;'*,  roof  of  smeltlne  cliamber ;  e',  passage  between  preheating  chamber  and  fur- 
nace; /,  preheating  chamber;  A,  cover ;  t,  condeoser ;  k',  flnea ;  £■,  roof;  m,  opening 
to  coadenaer ;  n,  partition ;  p,  p>,  paaaagcs  lor  lead  and  refined  spelter ;  i,  stack  ;  t,  oil 

ing  of  the  zinc,  as  the  lead  contained  could  settle  out  and  join  the 
main  body  of  the  same  metal  which  was  contained  in  the  crucible. 
In  the  resistance  furnace  illustrated  in  Figure  21,  a  represents  the 
furnace  chamber  proper  and  e  its  roof.  This  was  divided  by  the 
bridge  wall  6,  cooled  by  a  circulation  of  water  in  the  water  jacket  ft'. 
The  two  chambers  a'  and  o*  formed  by  this  bridge  wall  were  filled 
with  molten  lead  and  each  chamber  communicated  with  the  outside 
of  the  furnace  by  two  lead,  wells,  on  opposite  sides  of  the  furnace. 
The  electrodes  were  dipped  into  the  lead  wells  on  one  side  of  the 
furnace  while  the  lead  wells  on  the  other  side  permitted  the  metal 
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to  be  ladled  out  as  fast  as  it  was  produced,  keeping  the  metal  inside 
the  chambers  at  the  desired  level.  The  top  of  the  bridge  wall  was 
covered  with  a  layer  of  slag  connecting  the  two  chambers  contain- 
ing lead  and  providing  a  passage  between  them  for  the  electric  cur- 
rent. The  charge  was  so  proportioned  that  this  slag  should  have  a 
liigh  electrical  resistance,  a  low  dissolving  power  for  zinc  oxide, 
and  a  formation  temperature  between  the  temperatures  of  volatiliza- 
tion of  zinc  and  lead  (between  1,000®  and  1,100°  C).  A  high-lime 
slag  of  about  the  composition  30  per  cent  CaO,  30  per  cent  FeO,  and 
40  per  cent  SiOj  was  mentioned  as  being  suitable. 

The  heat  required  for  smelting  was  produced  by  the  passage  of 
the  current  through  this  layer  of  slag. 

On  top  of  the  slag  rested  a  layer  of  incandescent  coke  and  on  this 
the  charge  proper.  Since  the  formation  temperature  of  the  slag 
was  regulated  to  slightly  over  1,000°  C.  it  was  assimied  that  as 
long  as  a  sufficient  amount  of  charge  was  present  any  excess  of  heat 
supplied  after  this  temperature  was  reached  would  be  used  up  in 
reducing  zinc  oxide  and  forming  slag,  so  that  the  temperature  of 
the  furnace  would  not  rise  high  enough  to  volatilize  much  lead. 

The  preheating  chamber  /  for  roasting  the  ore  and  giving  it  a 
preliminary  reduction  was  connected  with  the  smelting  chamber  by 
the  opening  e'  over  which  was  the  cover  h.  This  cover  overlapped 
the  opening  so  that  the  latter  could  be  sealed  by  heaping  up  the 
materials  in  the  preheating  chamber  around  it. 

The  condenser  A:,  large  enough  to  be  used  as  a  refining  cham- 
ber, was  connected  with  the  furnace  chamber  by  the  passage  m 
over  the  partition  n.  It  was  provided  with  two  passages,  p  and 
p^,  leading  to  the  outside  of  the  furnace.  One  of  these  was  con- 
nected with  the  bottom  of  the  condenser  and  permitted  the  removal 
of  any  lead  which  separated  from  the  spelter,  while  the  other,  open- 
ing into  the  condenser  near  the  top,  provided  for  the  removal  of  the 
refined  spelter.  The  gases  remaining  after  the  condensation  of  the 
zinc  vapor  were  led  through  the  flues  k'  to  the  preheating  chamber 
where  the  CO  was  burned  to  furnish  heat  for  the  preliminary  reduc- 
tion. The  gases  from  the  preheating  chamber  passed  out  through 
the  stack  «.  Oil  burners  t  were  provided  for  heating  up  the  cold 
furnace  and  melting  the  slag  when  starting  aft/er  having  been  shut 
down  for  some  time.  Tliese  burners  were  shut  off  and  the  openings 
plugged  with  clay  while  the  regular  smelting  operation  was  being 
carried  on. 

In  operating  the  furnace,  the  crushed  and,  if  necessary,  partly 
roasted  ore,  was  fed  into  the  preheating  chamber  and  the  I'oasting 
completed.    The  proper  proportions  of  reduction  material  and  fluxes 
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were  then  added,  and  after  the  reduction  had  been  carried  as  far  as 
possible  without  volatilizing  the  zinc,  the  charge  was  introduced  into 
the  smelting  chamber  through  the  opening  e'  and  the  opening  sealed. 
The  zinc  was  there  reduced  and  volatilized  and  entered  the  condenser 
with  the  CO  gag  produced.  The  lead,  gold,  and  silver  settled  to  the 
bottom  of  the  electrode  chamber  aa  bullion  and  were  drawn  off 


Ing  chamber ;  o',  opening  between  prehcalliig  chamber  and  furnace  ;  t,  preheating 
Chamber;  ti,  cover;  it,  conilenger ;  W,  flues;  m,  paasBgc  to  conflpnaer;  n,  partition; 
p,  line  well;  s,  bUicIi  ;  t,  oil  bnniers;  to,  primary  winding. 

through  the  lead  wells,  and  the  other  constituents  of  the  ore  formed 
slag  which  was  tapped  out  as  necessary,  always  leaving  enough  to 
carry  the  heating  current. 

The  zinc  and  any  lead  volatilized  were  condensed  and  separated 
in  the  condenser,  while  the  CO  gas  passed  on  into  the  upper  chamber 
and  was  burned  to  preheat  the  succeeding  charge. 

Figure  22  shows  the  same  furnace  arranged  as  an  induction  fur- 
nace.   The  transftMTner  core  is  represented  by  J',  and  to  is  the  pri- 
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mary  winding.  The  secondary  circuit  is  formed  by  the  molten  metal 
and  slag  contained  in  the  smelting  chamber,  this  material  extending 
completely  around  the  core. 

EZPEBIMENTS  AT  VANCOTJVEB  AND  NELSON,  BBITISH  GOLTTMBIA. 

Snyder  began  experimental  work  with  small  furnaces  at  Van- 
couver, British  Columbia,  in  1905.  Several  types  of  furnace,  60  to 
150  kw.  size,  were  tried  during  1905  and  1906,  le'ading  up  to  the 
shaft  style  of  furnace,  somewhat  similar  in  shape  to  a  lead  blast 
furnace,  which  was  later  used  at  Nelson,  British  Columbia. 

The  Canada  Zinc  Co.  erected  a  10-ton  plant  at  Nelson  in  1908,  with 
buildings  and  equipment  designed  for  an  ultimate  capacity  of  30 
tons  of  ore  per  day,  financial  aid  being  obtained  from  the  provincial 
government  for  the  purpose.  The  furnace  used  was  of  the  type 
shown  in  Figure  20  (see  p.  42).  This  plant  started  operations  late 
in  1908  on  ores  averaging  about  40  per  cent  zinc,  10  per  cent  lead, 
1-J  per  cent  copper  and  12  ounces  silver  per  ton/*  and  very  optimistic 
reports  were  given  out  as  to  the  success  being  attained,  but  the  plant 
was  shut  down  about  a  year  later  and  work  discontinued.  The  work 
at  Nelson  was  a  series  of  mechanical  troubles  with  furnace  construc- 
tion, operation,  and  electrode  breakage,  and  none  of  the  runs  seem 
to  have  been  long  enough  to  test  the  metallurgical  possibilities  of 
the  process. 

LATEB  EXPERIMENTS  AT  CHIGAGO. 

Just  previous  to  the  war,  Snyder  designed  another  furnace  to 
overcome  the  faults  of  those  used  at  Nelson  (see  Fig.  23).  In  this 
furnace  a  bath  of  lead,  6^  forming  the  bottom  electrode,  makes  con- 
tact with  the  bus  bar  9  through  the  passage  7  and  block  8.  T3ie  tap 
hole  is  shown  at  10.  Above  the  furnace  body  i  is  a  frame  i2,  in 
which  is  mounted  the  roof  13.  The  upper  electrode  H  is  held  by  an 
arm  which  can  be  raised  and  lowered.  The  roof  is  provided  with  a 
plurality  of  openings  around  its  periphery  for  introduction  of  the 
charge,  and  is  arranged  so  that  a  considerable  supply  of  ore  can  be 
stored  upon  it.  Below  each  of  the  charging  ports  17  is  a  recipro- 
cating feeder,  18^  to  push  the  charge  into  the  smelting  chamber  as 
it  gradually  works  down  through  the  opening. 

The  zinc,  volatilized  in  the  smelting  chamber,  condensed  in  the 
incoming  charge  and  trickled  down  into  the  troughs  2i,  from  which 
it  was  conducted  to  a  collecting  trough,  22^  and  withdrawn  through 
the  outlet  23.  When  such  fine  ore  was  being  smelted  as  to  prevent 
the  condensed  zinc  from  percolating  through  it,  the  ore  and  coke 

■*  Blectrochemlcal  and  Metalluzglcal  Industry,  Electric  sine  li^Caiiada :  Vol.  7,  1909, 
».  188.  » 
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were  charged  separately  as  shown,  the  zinc  finding  an  outlet  throu^ 
the  coarser  coke. 

A  l,50O-kw.  furnace  of  this  type  was'built  in  Chicago  and  ran  for 
a  short  time  on  zinc  ores.     Plate  I,  A,  is  a  photograph  of  this  fur- 


FinuRB  23.— Snrder'B  Chicago  furnace  (U.  a.  Patent  1234076,  IBIS):  t,  FuroBce  body; 
e,  bath  of  lead  :  T,  passage ;  S.  blocic ;  9,  bus  bar ;  10,  tap  bole ;  12,  frame :  li,  roof ;  U, 
upper  electrode;  n,  charging  porta;  J«,  TedprocatiiiK  feeder;  ti,  trooghs;  tt,  colIectliiK 
trough  J  tt,  oDtleL 

nace.  Mr.  Snyder  states  that  these  tests  were  successful,  but  that 
after  a  short  run  the  furnace  was  converted  to  other  uses  and  tha 
zinc  work  dropped.  He  states  the  power  consumption  at  about  900 
kw,  h.  per  ton  of  ore,  the  furnace  capacity  being  about  35  tons  a  day. 
The  electrode  consumption  was  about  10  pounds  per  ton  of  orej  and 
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furnace  labor  six-man  shifts  per  S5  tons.  No  exact  data  as  to  metal 
recoveries  are  available,  but  the  slags  produced  were  low  in  metal 
values. 

L01TVBISR  FUBNACES. 

Francois  Iiouvrier  has  suggested  several  types  of  electric  shaft 
furnace  adapted  to  the  smelting  of  zinc  ores.  One  of  his  early  fur- 
naces is  shown  in  Figure  24.  The  charge  was  fed  continuously 
down  the  shafts  a  into  the  smelting  region  around  the  electrodes  &, 
slag  being  removed  at  c.  The  zinc  vapor  waa  led  into  the  condei^er 
d  between  the  two  smelting  chambers  and  condensed. 

Later  Louvrier  concluded 
that  the  large  formation  of 
blue  powder  in  electric  smelt- 
ing was  due  to  the  intense 
localized  heat  employed,  and 
altered  his  furnace  to  a  single 
boshed  column,  with  a  plu- 
rality of  electrodes  entering 
the  walls  of  the  furnace  bosh. 
A  recent  form  of  his  fur- 
nace is  shown  in  Figure  25. 
In  this  the  smelting  chamber 
2  is  of  larger  diameter  than 
the  charge  column  3.  Elec- 
trodes, IZ,  which  can  be 
raised  and  lowered  through 

, 1 stuffing  boxes,  are  introduced 

F,«ni«  24.-lEar1y  Lo.vrler  t»r»ac«  (C.  S.  Pat-  »'  intervals  through  the  top 
ent  699160.  Apr.  11,  1611);  a,  Shafbi ;  h.  01  thlS  Smelting  chamber  OUt- 
electron.*;   C.  opening  f»r  removal   of  b1-k;       gj^g     jhe     feed     Column,     and 

other  electrodes  are  shown 
at  8  and  5,  those  at  9  being  always  in  contact  with  the  annular  ring 
of  metal  in  the  bottom  of  the  crucible.  The  heating  current  thus 
traverses  the  charge  in  the  crucible  in  all  directions  and  heats  it 
uniformly. 

The  upper  column  of  the  furnace  is  double  walled,  the  two  walls 
forming  the  annular  chamber  15.  Tliis  is  provided  with  a  series  of 
shelves  16,  Powdered  coal  is  fed  through  tliis  chamber  from  the 
supply  bin  17  into  tlie  smelting  chamber,  some  of  it  being  always  re- 
tained on  the  slielves  provided.  Tlie  zinc  vapors  produced  in  smelt- 
ing are  led  off  over  tliis  powdered  coal  and  out  through  the  flue  19 
to  the  condenser.  Powdered  coal  can  also  be  fed  around  the  vertical 
electrodes,  thus  protecting  them  somewhat  from  wear  and  oxidation. 
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THE  aUEKE&U  FUKNACE. 

During  the  several  years  beginning  about  1908,  A.  L.  J.  Queneau 
worked  with  various  forms  of  a  rotary  electrical  furnace,  one  modi- 
fication of  which  is  presented  in  Figure  26.    The  external  steel  shell 
e  was  provided  with  rings  rf,  which  rested  upon  the  flanged  rollers 
q,  and  with  a  band  gear  A,  driven  by  a  variable-speed  motor  so  that 
the  whole  furnace  could  be  rotated  or  oscillated.    The  shell  was 
closed  at  one  end  by  the  metal  plate  a'  having  the  hub  projection  a 
through  which  the  charge 
was  introduced.    This  end 
plate  was  so  fastened  to 
the  shell  as  to  be  electri- 
cally   insulated    from    it 
and    made    contact    with 
one  lead  of  the  external 
electric  circuit  by  means 
of  the  brush  r. 

The  opposite  end  of  the 
sliell  was  closed  with  the 
plate  a,  with  a  recess,  g, 
for  cooling  with  air  or 
water  spray.  This  plate 
was  electrically  connected 
by  the  flexible  connection 
J  to  the  C3'lindrical  shell 
and  thence  by  the  brush  m 
to  the  other  lead  of  the 
electric  circuit.  The  shell 
was  lined  first  with  a 
layer  of  fire  brick  and  in- 
side of  tliat  with  a  layer 
of  magnesite  or  chrome 
brick  resistant  to  the  slag 
produced  in  the  furnace. 
The  end  courses  n  were  made  of  blocks  of  a  conducting  mixture  of 
graphite,  dead  burned  magnesite,  and  a  carbonaceous  binder,  baked 
to  drive  off  hydrocarbons.  These  were  backed  up  by  the  grapbit« 
end  linings  o. 

The  conductor  that  carried  the  current  inside  the  furnace  was  a 
layer  of  molten  iron  alloyed  with  about  12  per  cent  of  phosphorus. 
This  alloy  has  a  higher  resistance  than  pure  iron  and  remains  fairly 
constant  in  composition.  If  desired,  the  slag  formed  in  the  furnace 
could  be  used  alone  as  resistor,  in  which  case,  bee  si  use  of  its  higher 
resistance,  a  higher  voltage  and  smaller  current  could  be  used. 


FioDHH  25, — Louvrler  tuinace  of  1020  (D.  S.  Pflt- 
ent  1312336.  June  8,  1920)  :  t,  Smeltlns  cham- 
ber i  S,  chorge  column  ;  8, 9,  St.  electroiJpB ;  IS,  an- 
nular cbamber ;  IB,  BcHeB  of  sliplrea :  IT,  anpplr 
bin  ror  ponderi>d  coal ;  19,  Que. 
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The  current  thus  passed  from  the  lead  r  to  the  plate  a',  thence 
through  the  graphite  o  and  conducting  courses  -n,  to  the  fluid  con- 
ductor t;  thence  through  the  courses  to,  and  graphite  o,  at  the  oppo- 
site end  to  the  plate  a  and  shell  e  to  the  opposite  lead  m^ 

■  !^i 


Sis' 

nil 


II  Si 

b 
At  p  the  diameter  of  the  furnace  chamber  was  increased  somewhat 

to  provide  a  well  for  any  heavy  metal  contained  in  the  charge. 
The  condenser  shell  e'  was  bolted  to  the  end  plate  of  the  furnace 

bhell.    It  was  lined  with  refractory  brick  and  was  provided  with  the 

perforated  partitions  k  to  provide  condenser  surface,  and  with  the 

air  or  water  cooling  device  /. 
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Queneau  also  designed  a  stationary  furnace  of  the  buried-arc  or 
slag-resistance  type,  which  was  charged  at  the  side,  on  the  same  prin- 
ciple as  a  copper  reverberatory  smelting  furnace.  In  this  furnace  the 
condenser  consisted  of  a  member  of  short  tubes  embedded  in  the 
end  walls  of  the  furnace. 

ELECTKOTHEBJaC  ZINC  SMELTINa  EXPERIMENTS  OF  THE 

CANADIAN  GOVEBNMENT. 

FITBFOSE  OF  THE  imTESTIGATION. 

After  the  closing  down  of  the  plant  of  the  Canada  Zinc  Co.  at 
Nelson,  British  Columbia,  the  zinc  producers  of  East  and  West 
Kootenay,  British  Columbia,  appealed  to  the  Canadian  Government 
to  conduct  an  investigation  for  the  purpose  of  developing  some 
process  by  which  the  zinc  ores  of  that  region  could  be  profitably 
treated.  This  question  of  the  development  of  the  zinc  industry  of 
British  Columbia  had  been  a  much  agitated  question  for  several 
years,  as  the  distance  to  a  market  for  zinc  ores  made  the  profitable 
mining  of  such  ores  in  the  Province  difficult. 

In  response  to  this  appeal,  $50,000  was  voted  in  1910  by  the  Do- 
minion Government  for  the  purpose  asked.  W.  R.  Ingalls  was  placed 
in  charge  of  the  investigation  and  was  instructed  "  to  investigate  and 
carry  through  an  investigation  for  the  discovery  or  development 
of  some  method  for  the  economical  treatment  of  the  mixed  zinc- 
sulphide  ores  of  Canada,  in  the  production  of  metallic  zinc  or  a 
marketable  zinc  product." 

EXFEBIHENTS  AT  McGILL  TTNIVERSITY.sz 

After  a  careful  survey  of  the  field  it  was  decided  that  electric 
smelting  offered  the  most  promise,  and  laboratory  experiments  were 
inaugurated  at  McGill  University,  first  under  the  immediate  direc- 
tion of  Dr.  Alfred  Stansfield  and  later  of  Edward  Dedolph.  It  was 
realized  from  the  beginning  that  if  electric  smelting  were  to  be 
successful  with  power  costs  as  in  Canada,  a  large  yield  of  spelter 
must  be  obtained  in  the  first  smelting  with  only  a  small  amount  of 
blue  powder  to  be  resmelted.  To  prove  that  zinc  vapor  produced  in 
an  electric  furnace  can  be  successfully  condensed  to  liquid  metal 
under  favorable  conditions  the  first  experiments  consisted  of  simply 
volatilizing  spelter  by  electrical  heat  and  recondensing  it.  Then  a 
series  of  tests  were  made  with  several  types  of  furnace  reducing 
fairly  pure  zinc  oxide.  Results  from  these  tests  proving  favorable, 
work  on  roasted  zinc  concentrates  was  started. 

A  prolonged  series  of  small-scale  experiments  was  then  carried 
out  during  the  years  1911  and  1912.    Many  designs  of  furnace  were 

»Mos^  of  the  data  on  exijerlments  at  McGlU  and  Nelson  are  taken  from  W.  R.  Ingalla' 
anyoblialiad  report  to  the  Canadian  Department  of  Mines. 
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used,  with  various  methods  of  charging,  arrangements  of  electrodes, 
and  condensation  apparatus.  The  detrimental  effect  of  CO,  was 
realized  and  for  some  time  an  incandescent  coke  colunm  between  the 
furnace  and  condenser  was  considered  necessary.  This  was,  however, 
subject  to  clogging  and  the  temperature  difficult  to  regulate,  and  was 
later  found  to  be  unnecessary  if  the  ore  charge  were  preheated  before 
being  charged  to  the  smelting  furnace.  ( 

The  detrimental  effect  of  dust  carried  into  the  condenser  from  the 
furnace  was  for  a  long  time  not  realized  in  its  full  importance,  but 
after  steps  were  taken  to  diminish  dusting  the  condensation  results 
were  much  improved. 

The  type  of  furnace  finally  decided  upon  in  the  small-scale  experi- 
ments was  of  the  slag-resistance  type.  The  charge  was  fed  through 
an  open  shaft  and  rested  upon  the  slag  bath.  A  brick  wall  separate^ 
the  charge  shaft  from  the  vaporizing  part  of  the  furnace,  affording 
conditions  that  minimized  the  dusting  of  the  charge.  A  furnace  of 
this  type,  having  a  capacity  of  200  to  250  pounds  per  24  hours,  gave 
in  a  series  of  runs  very  encouraging  results  and  it  was  decided  to 
build  a  larger  furnace  at  Nelson,  British  Columbia. 

EXPEBIHENTS  AT  NELSON,  BBITISH  COLUMBIA. 

During  1913  a  furnace,  with  a  preheater  and  other  accessories, 
designed  for  a  capacity  of  2,000  pounds  per  24  hours,  was  erected  at 
Nelson,  in  the  old  plant  of  the  Canada  Zinc  Co.  In  this  plant  the 
charge  of  roasted  ore  and  reducer  was  to  be  preheated  in  retorts, 
measuring  7  by  11  by  62  inches  inside  dimensions,  for  4  hours.  Eight 
of  these  retorts  were  sufficient  to  preheat  2,240  pounds  per  24  hours. 
The  preheated  charge  was  pulled  from  these  retorts  into  heavy 
pots  and  transferred  to  the  smelting  furnace. 

The  furnace  was  of  the  final  type  used  in  the  small  experiments, 
as  above  described,  but  was  so  planned  that  details  of  construction, 
such  as  the  charge-feeding  device  and  electrode  arrangement  could 
be  easily  altered  if  further  experiments  proved  such  alteration 
necessary.  The  condenser  consisted  of  five  common  wrought-iron 
pipes,  6  inches  in  diameter,  heated  by  a  grate  fire. 

In  the  first  test  of  this  furnace  the  masonry  walls  were  quickly 
destroyed,  and  it  was  decided  that  no  kind  of  masonry  would  be 
likely  to  endure  the  severe  conditions  of  electric  zinc  smelting.  Ac- 
cordingly a  furnace  with  water-jacketed  walls  was  built.  Thence- 
forth the  work  at  Nelson  consisted  of  efforts  to  work  out  a  satis- 
factory furnace  construction  and  method  of  operation.  These  efforts 
were  rewarded  by  a  gradual  improvement  in  results,  but  the  original 
appropriation  was  used  up  before  the  metallurgical  difficulties  were 
entirely  overcome, 

Ingalls,  as  a  result  of  the  work  at  Nelson,  advised  that  a  1-ton 
furnace  could  never  be  a  conmiercial  success,  and  that  it  was  im- 
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possible  to  estimate  the  cost  of  developing  a  larger  furnace  and 
OTercoming  the  difficulties  that  he  expected  to  encounter  in  going 
from  a  l-ton  furnace  to  one  of  perhaps  10  tons  capacity  per  day.  Fur- 
thermore, W.  McA.  Johnson,  who  had  been  working  along  the  same 
lines,  waa  as  far  or  farther  advanced  toward  a  successful  process, 
find  was  planning  to  build  a  10-ton.  plant;  therefore,  Ingalls  advised 
that  the  work  he  dropped  pending  Johnson's  further  experiments. 

PETEESOITS  EXPEBIMESTS. 

JDuring  1912  and  1913,  some  interesting  work  was  done  by  Peter  E. 

Peterson  at  Butte,  Mont.,  on  behalf  of  the  Butte  &  Superior  Co., 


FiaCBB  ST.^Peteraon  (arnace  with  hollow  electrode  (Trana.  Am,  Electrocbem.  Boc,  »ol. 
24,  1S13,  p.  220t. 

using  the  buried-arc  or  slag-resistance  type  of  furnace  similar  to 
the  Trollhattan  and  Johnson  furnaces,  but  with  novelties  in  the  way 
of  charge  feeding  devices  and  condensers." 

In  the  first  experiments,  the  precipitation  method  of  treating  raw 
blende  with  iron  or  lime  and  carbon  was  used.  Later  this  was 
abandoned  in  favor  of  the  usual  reduction  of  roasted  ore  with  carbon. 

■  Peterson.  P.  E.,  The  electric  furnace  for  iloc  smelting ;  Trans.  Am.  Electroohem.  So*., 
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One  of  the  earlier  furnaces  used  in  the  larger-scale  experiments  is 
shown  in  Fig.  27.  This  furnace  was  designed  for  a  capacity  of  1 
ton  per  24  hours.  The  bottom  electrode  was  an  iron  plate  or  graph- 
ite rod,  and  the  vertical  one  was  a  hollow  carbon  or  graphite  tube. 
The  charge  was  introduced  into  the  furnace  through  this  hoUow 
electrode  by  a  screw  feeding  device.  This  furnace  gave  a  low  power 
consumption — 1,100  to  1,300  kw.  h.  per  ton  of  50  per  cent  zinc  con- 
centrate— ^but  was  mechanicaUy  unsatisfactory. 

The  condenser  consisted  of  eight  clay  tubes  surrounded  by  cold- 
air  passages.    Another  condenser  used  with  this  type  of  furnace 


FiouoJB  28. — HoUcw  electrode  furnace  with  multiple  horizontal-tube  condenser   (Trans. 

Am.  Blectrochem.  Soc.,  yoL  24,  1013,  p.  225). 

consisted  of  several  horizontal  clay  or  graphite  tubes,  arranged  as  in 
Figure  28,  which  could  be  covered  with  a  variable  depth  of  heat- 
insulating  material. 

The  first  condenser  could  not  be  kept  hot  enough  for  good  con- 
densation; it  consequently  produced  mostly  blue  powder  and  was 
decided  to  be  too  complicated  for  practical  use.  The  horizontal 
tubes  in  the  second  condenser  gave  some  spelter  but  did  not  have 
capacity  enough  to  condense  all  the  zinc  vapor  produced.  A  later 
run  was  made  with  this  latter  condenser,  in  which  the  furnace  was 
run  on  barren  material  until  the  condenser  reached  859®  C.  The 
zinc  charge  was  then  introduced  and  fed  at  such  a  slow  rate  that 
very  little  zinc  escaped  from  the  end  of  the  condenser  tubes.    Dur- 
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ing  12  hours  of  smelting  in  this  way,  86.4  per  cent  of  the  zinc 
charged  to  the  furnace  was  recovered  as  liquid  zinc,  but  the  power 
consumption  was  4,000  kw.  h.  per  ton  of  50  per  cent  zinc  concen- 
trate. The  principle  of  this  condenser  was  evidently  good,  but  its 
capacity  was  not  proportioned  properly  to  that  of  the  furnace. 

It  was  decided  that  the  horizontal  bottom  electrode  was  unsatis- 
factory, so  it  was  given  up  and  a  furnace  using  two  nearly  vertical 
electrodes  was  tried.    One  of  these  furnaces  is  shown  in  Figure  29. 


.   Blectrocbem.  Soc,  vol.  24,   1913, 

The  smelting  operation  in  this  furnace  gave  no  trouble  during  an 
actual  running  time  of  30  days,  but  the  same  condensation  difficulties 
arose. 

In  mixing  the  charge,  the  plan  was  to  produce  slags  having  such 
a  high  formation  temperature  that  the  zinc  would  be  volatilized 
before  slagging  of  the  charge  began.  It  was  found  possible  to 
reduce  the  zinc  content  of  the  slag  to  any  desired  hgure.  Coke 
was  used  as  a  reducer.  Hufficient  sulphur  was  left  in  the  roasted  con- 
centrates and  enough  copper  ore  was  added  to  the  charge  to  pro- 
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duce  some  matte  to  serve  as  a  collector  for  the  precious  metals.  The 
company  decided  that  the  work  was  not  of  commercial  promise  and 
abandoned  it  in  1913. 

FULTON  ELECTE0-KE8I8TAHCE  BBIQUET  FUSITAGE. 

THE  INDESTBTJCTIBLE  BKIQTJET. 

In  1914,  Charles  H.  Fulton  proposed,**  as  an  improvement  in  the 
retort  distillation  of  zinc  ores,  to  mix  the  roasted  ore  with  an  excess 
of  fine  coke  and  sufficient  hot  coal  tar,  pitch  or  similar  carbonaceous 
material  to  act  as  a  binder,  and  to  form  this  mixture  into  briquets 
under  a  pressure  of  500  to  1,000  pounds  per  square  inch,  finaUy 
baking  the  briquets  at  a  temperature  of  450**  to  500®  C.  to  drive 
off  volatile  hydrocarbons  from  the  pitch,  leaving  a  coke  network 
uniting  the  original  coke  and  ore  particles  into  a  continuous  mass. 
The  novel  feature  of  these  briquets  was  that  they  would  preserve 
their  strength  and  their  original  form  and  volume  during  and  after 
the  distiUation  of  the  zinc  from  them.  The  particular  advantages 
were  that  the  intimate  mixture  of  the  ore  with  carbon  caused  a 
rapid  and  complete  reduction  of  the  zinc,  and  that  the  residue  was 
prevented  from  forming  a  slag  to  corrode  the  retort  walls,  and  that 
the  residue  was  in  ideal  condition  for  blast-furnace  treatment  to 
recover  lead,  copper,  and  precious  metals.  Aside  from  these  ad- 
vantages, the  briquets  were  much  more  convenient  to  handle  than 
a  loose  mixture  of  ore  and  coke  or  coal. 

The  particular  proportions  of  ore,  coke,  and  pitch  to  be  used 
depended  upon  the  character  of  the  ore,  a  typical  mixture  being  100 
parts  ore,  60  parts  coke,  and  18  to  20  parts  pitch. 

APPLICATION  OP  THE  BEIQXTET  TO  ELECTBIC  SMJELTUXQ. 

The  strength  and  stability  of  these  briquets,  with  the  fact  that 
they  would  conduct  electricity,  suggested  the  feasibility  of  an  electric 
furnace  in  which  the  baked  briquets  themselves  would  serve  as  the 
resistor. 

Experimental  work  with  such  a  furnace  was  begun  in  Cleveland, 
Ohio,  in  1914,  and  in  1916  a  plant  was  erected  in  East  St.  Louis,  Bl., 
for  the  purpose  of  working  out  the  technical  details  of  the  process 
on  a  commercial  scale.  Experiments  were  continued  at  this  plant, 
with  very  promising  results,  until  January,  1918,  when  the  unsettled 
labor  and  material  markets,  due  to  the  war,  forced  the  suspensicm 
of  the  work. 


•*  PultoD«  C.  H..  Becoyery  of  zinc,  U.  S.  Patent  1198680,  Aug.  8,  1916. 
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KXFEBIHENTS  AT  EAST  ST.  LOXTIS. 

The  work  at  East  St.  Louis  was  very  completely  discussed  by 
Fulton  in  a  paper  read  before  the  American  Institute  of  Mining  and 
Metallurgical  Engineers  in  1919.''  Most  of  the  following  descrip- 
tion is  taken  from  this  paper. 

BRIQUETS. 

The  briquets  used  in  most  of  the  work  at  East  St.  Louis  were 
cylindrical,  9.25  inches  in  diameter  and  21  inches  long,  weighing 
about  90  pounds,  and  containing  50  pounds  of  ore.  They  were 
formed  by  mixing  the  coke  and  ore,  then  heating  and  mixing  with  the 
melted  pitch  in  a  pug  mill  and  pressing.  The  mold  had  a  tempera- 
ture of  75°  to  90°  C.  for  the  best  results  and  the  pressure  used  varied 
from  500  to  1,000  pounds  per  square  inch. 

The  size  of  the  ore  used  in  the  briquets,  within  reasonable  limits, 
has  little  effect  either  on  the  strength  of  the  briquet  or  on  the  extrac- 
tion of  the  zinc;  ore  which  passes  a  200-mesh  screen  gives  practi- 
cally the  same  result  as  that  which  passes  a  10-mesh  screen  and 
86  per  cent  of  which  remains  on  a  35-mesh  screen.  The  size  of  the 
coke  has  a  strong  influence  upon  the  strength  of  the  briquet,  very 
fine  coke  giving  a  much  stronger  briquet  than  comparatively  coarse 
coke.  With  very  fine  coke  and  ore,  however,  it  is  necessary  to  use 
more  of  the  pitch  binder,  thus  increasing  the  cost  of  the  briquet 
somewhat. 

The  coke  used  must  be  enough  to  reduce  all  the  reducible  oxides 
of  the  ore  and  leave  an  amount  sufficient  to  give  the  briquet  the 
requisite  stability  and  electrical  conductivity.  Ordinarily  the  bri- 
quet after  the  distillation  of  the  zinc  should  have  at  least  40  to  50 
per  cent  of  the  weight  of  the  original  briquet,  depending  somewhat 
upon  the  nature  of  the  residue.  When  the  ore  gives  an  infusible 
granular  residue  the  briquet  has  more  strength  after  distillation 
than  when  this  residue  tends  to  fuse  into  globules.  An  ore  that 
leaves  a  residue  of  reduced  metal  has  a  higher  electrical  conductiv- 
ity than  the  average,  whereas  an  ore  with  a  lime  gangue  may  form 
calcium  carbide,  thus  giving  the  briquet  a  high  resistance.  From  50 
to  75  per  cent  of  coke  is  usually  required.  This  is  more  than  is  used 
in  the  retort  process,  but  the  distilled  briquets  can  be  crushed  and 
used  a  second  time  as  coke,  or  may  be  used  as  a  high-ash  fuel. 

The  usual  proportion  of  pitch  required  is  10  to  15  per  cent,  more 
being  required  for  fine  ore  and  coke  than  for  coarse.  More  pitch 
than  this  would  be  squeezed  out  in  pressing  the  briquet,  while  less 
than  this  does  not  give  a  satisfactory  briquet.    A  high-melting 

"  Fnlton,  C.  H.,  Electric  resistance  furnace  of  lM,rge  capacity  for  sine  ores :  Trans.  Am. 
Inat.  Min.  and  Met  Bng.,  vol.  64,  1020,  p.  188. 
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pitch  (melting  point  170°  to  200**  F.)  giving  upon  distillation  55  to 
60  per  cent  of  good,  firm  coke  is  the  best  binder.  The  pitch  may  be 
partly  replaced  by  coking  coal,  but  with  less  satisfactory  resiilts. 

After  each  briquet  was  pressed  it  was  set  on  end  in  a  light  sheet- 
iron  cylinder  slightly  larger  than  the  briquet  on  a  flat  car  holding 
20  briquets,  and  the  space  between  the  briquet  and  cylinder  filled 
with  crushed  coke^  to  prevent  the  oxidation  of  the  surface  of  the 
briquet  during  baking.  The  car  was  then  pushed  into  the  baking 
oven.  The  baking  was  continued  for  6  to  8  hours  with  a  final  tem- 
perature of  450**  to  500°  C.  for  the  last  few  hours.  This  baking 
served  to  coke  the  pitch  binder  and  after  baking  the  briquet  could 
be  thrown  violently  to  the  floor  without  breaking.  During  the  bak- 
ing the  briquet  passes  through  a  soft  stage  up  to  about  300°  C.  and 
above  this  temperature  gradually  increases  in  strength  as  the  distilla- 
tion of  the  pitch  continues. 

The  electrical  resistivity  of  the  raw  "briquet  is  26  to  30  ohms  per 
cubic  inch.  This  drops  slowly  as  the  pitch  is  coked  until  at  450°  to 
500°  C.  it  drops  suddenly  to  0.6  to  0.7  ohm  per  cubic  inch.  At 
900°  to  1,100°  C.  it  is  0.015  to  0.04  ohm  per  cubic  inch. 

FUBNACES. 

The  furnaces  used  at  East  St.  Louis  held  a  charge  of  36  briquets, 
arranged  in  12  columns  of  three  each,  set  within  a  circle  and  operated 
on  a  three-phase  circuit,  four  columns  to  a  phase,  connected  in  the 
usual  Y  connection.  The  amount  of  ore  in  one  charge  in  this  furnace 
was  approximately  1,700  pounds,  requiring  6  hours  for  distillation. 
Two  hours  were  required  for  setting  up  the  charge  and  discharging, 
so  that  three  charges  could  be  worked  off  per  24  hours,  giving  a  daily 
capacity  of  5,100  pounds  of  zinc  concentrate. 

One  of  the  early  furnaces,  designat<^d  as  furnace  D,  is  shown  in 
Figure  30.  Plate  I,  5,  is  a  photograph  of  the  same  furnace.  The 
condenser  structure  rested  upon  the  center  part  of  a  specially  con- 
structed, three-part  base  and  the  end  parts  contained  the  electrodes 
and  supported  the  briquet  charge  and  covering  retort.  In  operation, 
the  briquet  cl^arge  was  set  up  on  one  retort  base,  the  retort  lowered 
into  place,  and  the  condenser  placed  in  position.  The  joint  between 
retort  and  condenser  was  made  tight  with  a  luting  of  clay.  The 
current  was  then  turned  on  and  the  charge  distilled.  Meanwhile  a 
charge  was  set  up  on  the  other  retort  base.  As  soon  as  the  first  charge 
was  finished  the  condenser  was  lifted  out  of  the  way  with  the  crane. 
The  retort  was  then  lifted  about  3  inches  and  moved  to  one  side, 
sweeping  the  briquets  over  an  apron  plate  to  the  floor,  leaving  the 
base  ready  for  setting  up  a  new  charge.  The  hot  retort  was  at  once 
transferred  to  the  other  base,  the  condenser  turned  around  and 
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-^vered  into  place,  and  the  second  charge  distilled.  The  two  end 
ises  were  thus  used  alternately,  so  that  the  retort  and  condenser 
ei^e  never  allowed  to  cool,  and  the  same  condenser  served  for  both 
tort  bases.  When  a  cold  condenser  was  started  up,  it  could  be 
eated  by  an  oil  burner  introduced  into  the  top  of  the  lai^  compart- 
.ent,  allowing  the  products  of  combustion  to  pass  under  the  parti- 
on  up  the  smaller  compartment  and  out  of  the  connector  flue.  With 
intinuous  operation,  radiation  about  balanced  the  heat  input  due  to 
tie  condensation  of  the  zinc  vapor  and  the  condenser  maintained 
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itself  at  a.  temperature  of  about  700°  C.  at  the  inlet  and  500°  C.  at 
the  exit. 

The  retort  consisted  of  a  steel  shell  with  a  refractory  lining.  The 
inner  lining  was  of  high-grade  fire  brick  and  the  space  between  this 
lining  and  the  shell  was  filled  with  sil-o-cel  for  heat  insulation. 

The  electrodes,  which  were  of  graphite,  6  inches  square,  entered 
the  base  of  the  furnace.  On  these  were  set  6  or  9  inch  risers  which 
i-eached  up  through  holes  in  the  base.  The  space  between  the  risers 
and  the  walls  of  the  opening  was  packed  with  finely  crushed  carbon. 
Graphite  blocks  rested  upon  these  vertical  plugs,  and  upon  them 
were  set  the  columns  of  briquets.  The  top  connections  were  also 
made  with  5-inch  graphite  blocks.  Figure  31  shows  the  electrical 
arrangement  and  Plate  II,  A,  is  a  photograph  of  the  complete  set-up. 
32323°— 23 B 
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A  charge  could  be  set  up  in  from  two  to  three  hours  by  tjro  men. 
After  the  charge  was  set  up,  a  fire-clay  luting  was  spread  on  the 
base  where  it  made  contact  with  the  retort,  and  the  latter  was  low- 
ered into  position  by  the  cnute. 

With  hot  retorts,  the  voltage  supplied  to  this  furnace  at  the  be- 
ginning of  a  charge  was  about  150  toUs  with  an  energy  input  of 
120  to  150  kw.,  dropping  to  75  to  90  volts  with  an  enei^  input  of 
122  to  184  kw.  as  the  distillation  proceeded.  This  was  the  limit  of 
the  electrical  equipment,  and  later  with  electrical  equipment  of 


Top  Connection 


Bottom  Connection 


PiGCBB  31, — Electrical  connretloDs  of  FultMi'a  East  St.  LoqIb  (amace, 

larger  capacity  it  was  shown  that  the  furnace  could  easily  take  200 
to  250  kw,  "With  the  low-power  input  into  furnaces  D  and  E,  the 
time  of  distillation  was  over  eight  hours  and  the  power  consumption 
greater,  due  to  greater  radiation,  than  that  obtained  later  with  a 
higher  power  input.    The  power  factor  was  about  90. 

Tables  2  and  3  show  metal  balances  for  several  runs  with  this 
furnace.  The  furnace  was  practically  new  at  the  beginning  of  each 
f-eries  of  runs,  so  that  absorption  of  zinc  was  high. 

Furnace  E  was  a  variation  of  furnace  D  and  results  were  about 
the  same.  About  60  per  cent  of  the  zinc  present  in  the  charges  was 
recovered  as  cast  spelter,  over  1,100  pounds  being  drawn  from  the 
condenser  in  one  tap. 
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Furnace  F  was  designed  for  use  with  new  electrical  equipment  of 
larger  capacity.  There  were  three  adjoining  retort  bases,  a  movable 
condenser,  and  one  of  the  old  retort  bases  arranged  to  preheat  retorts 
by  means  of  oil  burners.  The  bases  proper,  which  rested  on  the 
furnace  foundation,  were  so  built  that  they  were  transferable ;  extra 
ones  were  supplied,  hence  the  base  could  be  set  on  a  car,  the  raw 
briquets  placed  on  it,  and  the  whole  set-up  moved  into  the  baking 
oven  and  baked,  and  then  transferred  while  still  hot  to  the  distilling 
furnace. 

Table  2. — Metal  balance  of  Fulton  furnace, 

[Runs  7,  8,  9,  10,  aJid  11,  May,  1917.] 

Zinc  In  baked  briquets :  PoundHi 

Bach  charge 573. 0 

Zinc  in  five  charges,  total  charged 2, 855. 0 

Zinc  remaining  in  distiUed  briquets: 

Run  1,  2.36  per  cent 62.4 

Run  2.  0.67  per  cent 14.0 

Run  3,  1.80  per  cent 39.0 

Run  4,  0.93  per  cent 19.4 

Run  5,  5.97  per  cent 151. 0 

Total  zinc  In  distilled  briquets 275.8 

Zinc  cast  as  spelter . 1, 242. 5 

Zinc  in  scrapings  from  bridge  wall,  rechargeable  at  41.75  per  cent  zlnc—      899. 0 

Zinc  in  brick  from  condenser,  at  1.74  per  cent  zinc 115. 8 

Zinc  unaccounted  for 322. 4 

BUMMABT. 

Per  cent.  Poonds. 

Spelter  tapped 42. 7  1, 242. 5 

Scrapings,  rechargeable 30.8  899.0 

Zinc  in  brick  from  condenser 3. 9  115. 3 

Zinc  in  distilled  briquets »9.1  275.8 

Unaccounted  for *  13. 5  322. 4 

100. 0  2, 855. 0 

« The  anoant  of  zinc  left  in  briquets  la  entirely  at  the  wiU  of  the  operator ;  this  la 
shown  on  the  indiyldual  runs.  The  runs  in  tliis  series  were,  In  part,  undertaken  to  obtain 
figures  on  power  consumption,  and  certain  runa  were  discontinned  at  given  power  Inputs 
to  determine  proper  point  of  stopping. 

*Thi8  covers  zinc  absorption  in  the  retort  hood,  base,  and  passageways  and  includes 
zinc  ^K».ping  uncondensed. 

Table  3. — Metal  balance  of  Fulton  furnace, 
[Buns  12,  13,  and  14,  May  ^11,  1917.] 

Zinc  in  baked  briquets :  Pounds. 

Each  charge 573. 0 

Total  zinc  in  three  charges 1, 719. 0 
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Zinc  remaining  in  distilled  briquets: 

Run  12,  6.67  per  cent 1C9.0 

Run  13— NIL 

Run  14,  0.131  per  cent 2.6 

Total  zinc  in  distilled  briquets 171. 6 

Zinc  in  scrapings  from  condenser,  rechargeable,  at  00.85  per  cent  zinc —  406. 0 

Zinc  cast  as  spelter 1 903.  5 

Zinc  unaccounted  for 147. 9 

SUMMABY. 

Per  cent.  Pounds. 

Spelter  tapped 52.60  903.5 

Scrapings,    rechargeable 28. 80  496. 0 

Zinc  left  in  distilled  briquets «9.83  171,6 

Unaccounted  for *8.77  147.6 


100. 00  1, 719. 0 

«  The  amount  of  ztnc  left  in  briquets  is  entirely  at  the  will  of  the  operator ;  tiiis  is 
shown  in  the  indiyidual  runs.  The  runs  in  this  series  were  in.  part  undertaken  to  obtain 
figures  on  power  consumption,  and  certain  runs  were  discontinued  at  given  power  inpmts 
to  determine  proper  i>oint  of  stopping. 

*  This  covers  zinc  absorption  in  retort  hood,  base,  and  passageway,  and  condenser  brick- 
work, and  includes  zinc  escaping  uncondensed. 

The  charge  of  briquets  was  then  further  heated  by  placing  the 
hot  retort  from  the  previous  charge  over  the  new  charge  and  allow- 
ing it  to  communicate  part  of  its  heat  to  the  briquets.  After  about 
1  hour,  it  was  replaced  with  another  retort,  which  l^ad  been  pre- 
heated to  about  1,500®  C.  with  oil.  After  this  had  been  on  about  1 
hour  and  the  charge  had  reached  distilling  temperature,  the  current 
was  turned  on  and  the  distillation  finished  by  electric  heat.  To 
the  cost  of  power  must  be  added  the  cost  of  the  oil  for  preheating 
the  retorts,  but  the  electrical  power  consumption  was  considerably 
reduced. 

POWER  CONSUMPTION. 

Table  4  gives  power-consumption  figures  for  a  series  of  runs.  The 
initial  charges  with  cold  retorts  and  some  underdistilled  and  over- 
distilled  charges  are  omitted,  as  the  power  consumption  in  these  cases 
varies  from  the  normal.  Runs  26  to  30  were  with  preheated  retorts 
as  described  under  furnace  F. 
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Run  num- 
ber. 

Kw.  h.  per  ton  of 
ore. 

Per  cent  cine  dis- 
tilled from  charge.a 

2 

5 

8 

9 

16 
18 
20 
21 
22 
23 
25 
27 
28  & 
29 
30 

2,270 
1,645 
2.240 
2,180 
2,200 
2,120 
1,760 
1,720 
1,920 
1,760 
1,665 
1,548 
1,365 
1,811 
1,237 

100.0 
98.0 
98.0 
93.0 
96.0 
98.0 
91.0 
95.0 
97.0 
95.0 
99.0 

100.0 
99.0 
99.0 
99.0 

a  Where  leas  than  til  the  Einc  is  distilled,  the  operation  was  purposely  stopped  to  determine  relation  of 
extraction  and  power  consumption. 
b  Franklinlte  charge. 

The  theoretical  power  consumption,  for  a  60  per  cent  zinc  ore  made 
into  briquets  of  the  usual  composition  was  calculated  to  be  1,372 
kw.  h.  exclusive  of  radiation  losses.  Of  this,  421  kw.  h.  required  to 
preheat  the  charges  to  920°  C,  could  be  supplied  by  some  such  method 
as  preheated  retorts ;  and  the  carbon  monoxide  produced  in  the  dis- 
tillation is  equivalent  to  154  kw.  h. 

The  energy  in  the  briquet  residue  in  cooling  from  1,200®  to  26**  C. 
is  378  kw.  h.  Radiation  can  be  made  very  small,  as  the  heat  is 
developed  in  the  briquets  themselves. 

Runs  28, 29,  and  30  were  made  to  produce  zinc  dust  with  furnace  F. 
A  good  grade  of  zinc  dust,  free  from  oxide,  was  made,  97  per  cent 
passing  through  a  200-mesh  screen ;  recoveries  were  very  high. 

The  particular  advantage  claimed  for  the  Fulton  process  is  that  it 
combines  the  physical  and  metallurgical  characteristics  of  present- 
day  retort  practice  with  the  other  advantages  possible  in  the  electric 
furnace,  suth  as  generation  of  the  heat  in  the  charge  itself,  large 
xmits,  low  labor  cost,  and  applicability  to  the  treatment  of  low- 
grade  ores.  The  charge  is  distilled  in  a  closed  retort  within  which 
a  uniform  temperature  is  maintained.  This  produces  a  gas  nearly 
free  from  carbon  dioxide,  from  which  zinc  can  be  condensed  as 
spelter  without  the  formation  of  blue  powder.  The  process  is  appli- 
cable to  high-grade  ores  of  any  composition  and  to  complex  ores, 
such  as  those  of  the  Butte  district.  Impurities,  such  as  iron  and 
lead,  which  are  so  harmful  in  the  retort  process  have  no  deleterious 
effect  in  the  electric  briquet  furnace. 
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CONDENSATION. 

The  only  serious  condensation  difficulty  in  the  experiments  at  East 
St.  Louis  was  the  destruction  of  the  condenser  walls  in  the  region 
where  the  temperature  was  about  500°  C.  This  was  found  to  be  due 
to  the  reduction  of  specks  of  iron  oxide  in  the  refractories  used  and 
the  deposition  of  carbon  at  these  spots  by  the  reaction  2  CO= 
CO2+C,  which  takes  place  at  that  temperature  around  the  iren  as 
catalyzer.  This  could  be  prevented  by  proper  selection  of  refractory 
material  for  the  condenser  lining. 
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FiGDBB  32. — Flow  sheet  of  Fulloa  electrothermlc  xlnc  plant. 
PBOPOSED  COMMEBCIAL  PULNT. 

Fulton  has  recently  described  a  proposed  commercial  plant  for 
treating  zinc  ores  by  electrothermlc  dry  distillation,  and  has  estimated 
the  cost  of  building  and  operating  such  a  plant.'*^*  This  is  based  upon 
the  work  at  East  St.  Louis,  but  introduces  some  improvements  later 
developed.  His  description  of  the  plant  and  his  cost  estimates  arc 
quoted  below : 

GENERAL  DESCRIPTION. 

The  basis  for  the  proposed  commercial  plant  is  the  treatment  of  2,000  tons 
GO  per  cent  concentrate  per  month.    For  the  treatment  of  high-grade  zinc-bearing 


Fulton,  C.  II.,  A  proposed  plant  for  the  electrothermlc  dry  dlstUlatton  of  stnc  ores : 
Eng.  and  Mln.  Jonr.,  vol.  114,  July  1,  1922,  pp.  8-14. 
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material,  It  ts  assimied  that  one  of  three  proceseea  may  be  used  1 1.  The  Btandard 
retort  process.    2.  The  electrolytic  procees,    3.  An  electrothermlc  process.    In 


all  three  methods  the  first  step 


roasting  If  sniplitde  concentrate  Is 
Therefore  In  the  proposed  plant,  the  roast- 
ing furnaces  are  not  considered  and  the 
start  Is  made  with  calcines.  Figure  32 
la  a  flow  sheet'  of  the  prcq>osed  plant. 
It  consists  of  three  sections:  (1)  The 
coke  and  briquet  bins  and  crnahlng  sec- 
tion, (2)  the  mixing  and  brlquettlng  sec- 
tion, (3)  the  baking  ovens  and  electric- 
distilling  furnaces.  The  crushing  plant 
Is  standard  and  needs  no  description. 
The  coke  and  spent  or  distilled  briquets 
are  crushed  to  surh  flnenesf^  that  the 
maximum  size  of  particle  Is  approxi- 
mately one-eighth  Inch.    The  calcines  and 


the  coke  are  fed  In  tlie  proportion  of  100  to  CO  by  conveyers  to  a  concrete  mixer 
and  the  mixtnre  elevated  to  storage  bins,  from  which  it  passes  to  the  mixing 
plant  which  prepares  it  for  briquetUng.    The  mixing  of  the  ore  and  coko  with 
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the  pitch  Is  done  in  a  standard  asphalt  road  plant.  In  this  the  oreK^oke  mixtnre 
is  heated  to  approximately  200**  C.  in  a  sand  drier  and  raised  to  the  sand  bin 
and  thence  into  a  weigh  box  which  in  turn  discharges  into  a  knife-blade  mixer 
At  this  point  the  18  to  20  parts  of  molten  pitch  are  added  by  means  shown  ic 
the  illustration.  The  system  of  mixing  results  in  a  complete  coating  of  tlie  ore 
and  coke  particles  with  pitch.  The  mixer  discharges  to  the  hopper  of  the 
briquetting  process  by  m^ans  of  a  conveyer.  The  press  is  standard  and  is  known 
as  a  caking  press  used  in  other  industries.  The  large  briquets,  12  by  12  inches 
cross  section  and  27  inches  high,  are  discharged  on  to  a  traveling  table  conveyer 
and  then  set  up  by  hand  In  charge  form  on  a  furnace  base  placed  on  a  baking 
oven  car.    These  cars  x)as8  into  the  baMng  oven  which  is  constructed  on  the 

recuperative  principle  and  is 
shown  in  diagram  form  in  Fip- 
ure  83.  The  heat  for  baking 
is  derived  from  the  hot  siient 
briquet  charge  which  as  it 
comes  from  the  retort  is  imme- 
diately pushed  into  the  bakin*: 
oven.  The  distilling  retorts; 
nine  in  number,  are  fixed  Id 
position  and  the  furnace  ba!!<^ 
is  movable.  This  is  a  return 
to  an  original  design  usetl   ir 

"^""  •  Rcu//eve/  *^^  earlier  experimental  work 

•^wvMMVMmw»AjjwM\)mwjrj*ifi»)Afjim   and  differs  from  the  East    St. 
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Louis  design  of  a  fixed  base 
and  movable  retort  as  shown 
in  Figure  30  and  Plate  I.  B. 
The  fixed-retort  design  presents 
advantages  for  a  commercial 
plant  in  connection  with  the 
baking  of  the  briquets  and  the 
handling  of  the  charge.  The 
graphite  electrodes  (9  inches 
diameter)  are  located  in  the 
top  of  the  retort,  passing 
through  coke-sealed  glands  and 
making  contact  with  the  briquet 
charge  by  their  weight  The 
electrical  equipment  is  locate*! 
on  a  platform  approximately 
level  with  the  top  of  the  re- 
torts and  the  bus  bars  car- 
rying the  current  are  short.  The  furnace  base  with  its  charge,  as  it  comes  from 
tlie  baking  oven  on  a  car,  is  run  over  the  hydraulic  lift  below  the  retort  and 
raised  into  place.  The  base  is  made  tight  to  the  retort  by  a  ring  of  fire-clay 
luting.  In  operating,  the  furnace  base  with  its  distilled  or  spent  charge  will  bo 
lowered  by  the  lift  to  a  car  and  at  once  transferred  to  the  baking  oven,  while 
a  furnace  base  with  a  baked  charge  is  taken  from  the  oven  and  immediately 
lifted  to  the  hot  retort 

The  three  retorts  In  a  group  discharge  into  one  condenser.    The  arrange- 
ment is  shown  in  Figures  34  and  35.    The  connections  for  conducting  the 


FiousB  84.- 


•Retort  and   condouscr  of  plant  pro- 
pospd  by  Fulton. 
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zinc  vapor  from  the  retort  Into  the  condenser  are  permanently  attached  to 
the  condenser  and  are  as  short  and  simple  as  possihle.  The  condenser  can  be 
removed  from  Its  position  by  crane  and  replaced  by  another  one  when  neces- 
sary. 

Figure  86  illnstrates  the  retort  and  condenser  in  diagram  form  and  gives 
dimensions.  The  lining  of  the  retort  is  high-grade  fire  brick  and  the  insu- 
lating material  is  sil-o-cel.  The  Unlng  of  the  condenser  must  be  of  a  very  pure 
fire  clay  or  a  synthetic  refractory  practically  free  from  iron.  This  freedom 
from  iron  is  one  of  the  ess^itial  requirements  of  the  condenser  •lining,  since 


a 


Concrete 
columns  -^ 


hiding  plat- 
form 


n 


Rail  /eve/;  |    {   


1 
I 

Ml 


I 

i*r-»- 


t 

I 
I 
I 
I 


TT 


Hycfraullc  Jack 


Figure  35. — Retort  and  condenser,  alternate  plan. 


the  presence  of  iron  oxide  particles  in  the  lining  leads  to  Its  destruction  by 
carbon  deposition  from  carbon  monoxide  gas — a  reaction  very  active  at  about 
500'  C,  a  prevailing  temperature  in  some  regions  of  the  condenser.  The  ar- 
rangement of  one  condenser  for  three  retorts  permits  of  a  continuous  flow 
of  zinc  vapor  to  the  condenser.  The  condenser  may  be  arranged  with  either 
two  or  four  passes  or  compartments,  this  arrangement  being  attained  by  cur- 
tain walls.  With  the  combination  of  three  retorts  and  one  condenser,  the 
volume  of  the  condenser  should  be  not  less  than  twice  the  volume  of  the  re- 
tort The  factors  involved  in  condensation  are  temperature,  volume,  and 
surface.  The  temperature  in  the  condenser  will  range  from  about  1,050*  C. 
at  the  intake  to  about  470*'  G.  at  the  gas  exit.  For  every  pound  of  zinc  con- 
densed from  a  mixture  of  equal  volumes  of  zinc  vapor  and  carbon  monoxide 
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between  1,050'  and  650°  C,  there  Is  Uberated  1,050  B.  t.  a.,  or  1,250.000  B.  L  n. 
per  Hour  for  tbe  condenser  with  three  retorts  as  described.  It  the  radiation 
Itom  tbe  condenser  la  greater  than  tbe  quantity  of  heat  supplied  by  the  cod- 
denaatlon  of  metal,  tbe  condaiser  vrVl  have  to  be  heated.  On  tbe  other  hand, 
tf  it  is  less,  tbe  condenser  will  tiave  to  be  cooled.  In  the  design  under  diacua- 
slun,  the  condenser  will  have  to  be  cooled,  whidi  may  be  accomplished  by 
water  sprays.  In  atartlng  a  n«w  condenser.  It  will  be  preheated  to  the 
proper  temperature  (700*  G.)  by  means  of  an  oil  bnmer  Introduced  Into  a 
handhole  at  the  bottom  of  one  of  the  passes,  the  condenser  connection  acting 


3G. — DiB|;ruii  of  n 


t  and  condenier. 


as  a  chimney.  In  omdenslng  from  a  mixture  of  equal  volumes  of  CO  and  Zn 
vapor  theoretically  85  per  cent  of  thp  zinc  may  be  condens«l  to  liquid  metal 
with  an  exit  temperature  of  750°,  In  practice,  It  1b  very  probable  that  two 
condensers  will  be  placed  In  tandem,  one  operating  between  temperatures  of 
900°  and  T50°  C.  ami  tbe  other  betiveen  temperatures  of  750°  C.  and  460°  C. 
This  system  will  afford  goo<l  control.  In  the  East  St.  I.onis  pilot  famace  no  dif- 
ficulty was  experienced  in  condensation  due  to  the  formation  of  blue  powder. 
This  Is  a  common  difficulty  with  electrothermlc  zinc  smelting,  but  In  Ihl» 
process  the  oietallurglcai  conditions  of  the  retort  process  are  retained,  namely, 
a  uniformly  heated  space  above  1/M0°  C  and  a  preheated  chaige  so  tliat  no 
gases  are  present  In  the  condenser  except  Zn  vapor  and  cartxm  monoxide.  It 
is  the  presence  of  such  gases  as  COi,  water  vapor,  etc,  which  leada  to  the 
formation  of  blue  powder. 
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The  spent  briquets  contain  the  residue  of  the  ore.  With  the  usual  high-grade 
zinc  concentrate  this  residue  is  from  12  to  20  per  cent  of  the  weight  of  the 
concentrate  and  from  15  to  25  per  cent  of  the  weight  of  the  spent  briquet,  the 
rest  of  this  being  carbon — ^that  is,  the  spent  briquet  is  practically  a  high-ash 
coke.  The  briquets  will  be  recrushed  and  used  over  again  at  least  once,  some- 
times twice.  If  the  ore  contains  lead  and  silver,  approximately  80  to  85  per 
cent  of  the  lead  and  over  90  per  cent  of  the  silver  may  be  retained  in  the  briquet 
by  the  close  temperature  control  of  distillation  which  the  process  permits.  By 
using  spent  briquets  containing  lead  and  silver  over  a  number  of  times,  a  rela- 
tively high  concentration  of  these  two  metals  may  be  obtained.  This  applies 
also  to  copper  in  complex  zinc  ores.  By  the  reuse  of  the  briquets  the  reduction 
fuel  for  the  process  Is  reduced  to  30  per  cent  and  less  of  the  weight  of  the  ore. 

THE  CHARGE. 

The  following  figures  give  details  for  the  briquet  charge.  The  briquet  mix- 
ture is  assumed,  for  example,  to  be  100  lyarts  calcine  (Missouri  concentrate,  60 
per  cent  Zn),  60  parts  coke,  20  parts  pitch.  In  briquetted  form  this  weighs  115 
pounds  per  cubic  foot.  During  baking  approximately  one-half  of  the  weight  of 
the  pitch  is  distilled  off  and  baked  briquets  contain  56  per  cent  ore,  equivalent 
to  34  per  cent  zinc.  The  briquet  is  12  by  12  inches  in  cross  section  and  27  Inches 
long. 

Plate  II,  B,  illustrates  a  charge  of  briquets  set  up  for  introduction  into  the 
retort.  In  this  charge,  briquets  are  used  as  top  and  bottom  connectors,  so  that 
the  whole  charge  is  made  up  of  briquets.  In  Dast  St.  Louis,  the  bottom  and 
top  connectors  were  made  of  graphite,  but  briquet  connectors  present  manifest 
advantages.  The  charge  consists  of  12  columns  **  of  2  each,  6  top  connectors, 
and  6  bottom  connectors,  a  total  of  36  briquets.  A  briquet  contains  21  cubic 
feet  and  weighs  260  pounds.  The  charge  contains  81  cubic  feet,  weighs  9,315 
pounds,  and  contains  5,216  pounds  of  ore,  equivalent  to  8,167  pounds  of  zinc. 
A  retort  distills  three  charges  per  24  hours,  so  that  the  capacity  per  retort  is 
15,648  pounds,  or  7.824  tons  of  calcine  per  day. 

EKECTRICAL  BQUIPMElTr. 

The  furnace  is  operated  with  three-phase  alternating  current.  The  graphite 
electrodes  make  contact  with  the  cliarge  and  are  not  consumed.  The  charge 
contains  approximately  5,400  pounds  of  concentrate,  and  on  the  basis  of  1,500 
kw.  h.  per  ton  and  a  6-hour  distillation  period  (these  two  figures  purposely 
assumed  large,  to  provide  proper  margin),  4,050  kw.  h.  will  be  used  in  6  hours, 
or  an  intensity  of  657  kw.  per  retort.  For  the  nine  retorts,  giving  a  capacity 
of  (2.7  by  3  by  9)  =72.9  tons  calcine  per  day,  or  2,187  tons  per  month  of  30 
days,  or  2,578  tons  green  concentrate  (a  margin  of  573  tons  to  allow  for  delays) 
there  will  be  required  nine  3-phaBe  60-cycle  700  kv.  a.  transformers,  nine 
3-phase  60-cycle  160  kv.  a.  regulators,  and  nine  complete  switchboard 
equipments.  These  are  designed  to  give  full  kv.  a.  capacities  at  secondary 
voltages  from  40  to  250  volts,  with  a  primary  voltage  of  2,300  volts.  Other 
primary  voltages  can  be  used  equaUy  well.  It  is  assumed  that  the  current 
can  be  purchased  and  is  not  generated  at  the  plant  Other  standard  frequencies 
than  60  may  be  employed. 

The  ^)eclfic  resistivity  of  the  briquet  ranges  from  0.01  to  0.04  ohm  per  cubic 
inch,  dependent  on  the  nature  of  the  ore ;  0.02  to  0.03  ohm  Is  the  usual  figure. 

***  For  the  best  electrical  connections  it  is  almost  essential  to  use  12  columns.  Other 
nnmbers,  while  poealble,  present  decided  disadTantages  in  the  set  np. 
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A  charge  set  ap  as  in  Plate  II,  B,  shows  a  standard  delta  connection  in  the 
briquet  columns,  with  four  columns  in  series,  and  requires  a  terminal  Tolta^e 
of  217  volts  at  the  electrodes  for  an  intensity  of  energy  input  of  075  kilowatts; 
connections  with  the  charge  can,  however,  be  made  so  as  to  lower  this  voltage 
if  it  should  be  desired.  The  transformers  are  set  close  to  the  retorts  on  a  plat- 
form to  keep  the  reactance  low.  By  using  electrodes  in  the  top  of  the  retorts 
the  secondary  leads  of  the  transformers  are  about  the  same  elevation  as  the 
electrode  terminals  of  the  furnaces,  and  short  bus  connections  are  obtained. 
All  high-voltage  control  and  all  switchboard  equipment  will  be  outside  the 
furnace  room. 

RECAPITULATION  AND  ADVANTAGES  OF  THE  PROCESS. 

The  process  differs  essentially  from  other  electrothermic  processes  for  zinc 
It  is  not  a  smelting  process  but  a  distillation  process  like  the  retort  processL 
Most  of  the  proposed  electrothermic  processes  mix  the  ore  with  a  limited 
amount  of  reduction  fuel  and  smelt  by  electric  heat  generated  by  a  buried  arc. 
The  furnace  space  is  not  uniformly  heated  and  carbon  dioxide  gas  and  water 
vapor  are  present  with  the  zinc  vapor  and  carbon  monoxide  and  condensation 
to  liquid  metal  is  very  difficult  and  the  amount  of  blue  powder  formed  is  large. 
The  residue  of  the  ore  is  smelted  to  slag  which  usually  contains  considerable 
zinc.  It  seems  questionable  whether  in  such  a  furnace  it  is  possible  to  recover 
other  metals  in  the  form  of  bullion  or  matte  on  account  of  the  high  temperature 
prevailing.  In  Norway  and  Sweden  electrometallurgists  have  gone  frankly  to 
vaporization  of  lead  with  the  zinc.  The  electrothermic  distillation  process 
presents  the  following  advantages : 

1.  Large  scale  units  mechanically  operated  as  in  the  metallurgy  of  the  other 
common  metal& 

2.  Low  labor,  mainly  unskilled, 

8.  Practically  complete  extraction  of  the  zinc  from  the  ore. 

4.  High  recovery  of  zinc  and  most  of  it  as  liquid  metaL 

5.  Low  power  consumption,  less  than  electrothermic  smelting  and  less  than 
in  the  electrolytic  process. 

6.  Applicable  to  all  types  of  zinc  ores  with  no  limitations  on  iron,  lead,  Ihne, 
or  other  substances  now  barred  by  the  retort  process. 

7.  Applicable  to  complex  ores,  for  example,  such  as  the  Burma  ores. 

8.  Simplicity  of  plant  and  operation.  Simpler  than  the  retort  process  and 
the  electrolytic  process. 

9.  No  regular  consumption  of  fire  clay ;  can  be  built  in  small  units  in  out-of- 
the-way  places  where  electric  power  is  available. 

10.  Lower  cost  of  operation  than  the  retort  process  or  electrolytic  process  as 
set  forth  further  on. 

11.  May  be  introduced  as  an  adjunct  to  the  retort  process  for  the  treatment 
of  the  blue  powder  produced  by  that  process.  In  plants  using  nonregeneratlTe 
gas-fired  Hegeler  retort  furnaces  with  waste-heat  boilers,  excess  steam  for 
electric  power  is  available. 

Cost  of  proposed  electrothermic  plant. 

[Capacity,  2,000  to  2,600  tons  of  jfreen  concentrate  per  month.    The  flgnres  are  based  on 

the  flow  sheet  (flg.  §2).) 

Calcine  bins,  200  tons,  and  elevator $15,000 

Coke-crushing  bins  complete  with  rolls,  screens,  and  200-ton  storage  bin.    20, 000 
Mixing  system,  drying,  pitch  melting  up  to  the  briquet  process  (this 
includes  preliminary  concrete  mixer  for  mixing  calcine  and  coke) 22,000 
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Three  briquet  presses  and  table  conveyer 25, 000 

Baking  oven  and  equipment  and  27  charge  cars 22, 000 

Nine   retorts 20, 000 

Nine  rams 30, 000 

Three  condensers 10, 000 

Twenty-seven  200-kv.   a.   single-phase  transformers  and  switchboard 

equipment^  „I 70, 000 

Buildings  and  cranes 75, 000 

Miscellaneous 20,000 


320,000 

*  This  is  based  on  tlie  assumption  that  hi^h-tenslon  power  can  be  purchased.  If  power 
is  generated  at  the  plant,  an  investment  of  |500,000  is  necessary  for  a  5,000-kw.  plant 
based  on  the  price  or  |10O  a  kilowatt. 

The  cost  of  a  roasting  and  sulphuric  acid  plant  will  be  about  $700,000. 


CALCUIiATION  OP  COST  OF   ELECTROTHEMOC   DRY   DISTTIIiATION   PROCESS. 

Basis,  1  ton  of  roasted  concentrate,  produced  from  60  per  cent  green  con- 
centrate. Sixty  tons  roasted  concentrate  per  day,  or  2,000  tons  green  concen- 
trate per  month.  Sixty  tons  calcine;  36  tons  coke;  12  tons  pitch  or  asphalt 
per  day.    Cost  based  on  flow  sheet    Average  cost  of  labor  at  $3  per  man  per 

shift. 

L  Cost  of  calcine  delivered  to  furnace  in  form  of  baked  briquets 

1  foot  square,  27  inches  long. 
IL  Cost  of  furnacing  and  producing  metal  ready  for  shipment 

III.  Cost  of  material,  coke,  and  pitch. 

IV.  General  expense. 
V.  Power. 

Item  L  Cost  of  delivering  briquets  to  furnace: 

1.  Unloading  60  tons  calcine,  36  tons  coke,  12  ^%§^?*** 

tons  pitch,  2  men,  at  $3 $6. 00  $6. 00        $0. 10 

2.  Crushing  36  tons  coke  and  briquets  in  8 

hours — 
1  man,  at  $3 3. 00 

Power .  50 

8. 60  .06 

3.  Conveying   and    mixing   ore    and    coke,    8 

hours — 

1  man,  at  $3 3. 00 

Power,  etc 1.00 

4. 00  .07 

4.  Mixing  for  briquets,  24  liours — 

6  men,  at  $3 18. 00 

Power  and  fuel 24.00 

42. 00  .70 

5.  Briquetting,  24  hours— 

6  men,  at  $3 18. 00 

Power,  etc 2.00 

20. 00  .  33 

6.  Miscellaneous — 

2  men,  at  $3 6. 00 

Supplies 7. 00 

13.00  .22 

1.48 
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Item  II.  Ck)st  of  fumacing  and  producing  metal 
for  shipment: 

072  briquet8>»27  charges,  0  retorts,  3  condensers 

1.  Furnace  men,  3  men,  at  $6 18. 00 

2.  Helpers,  3  men,  at  $3 9.00 

3.  Metal  drawers,  3  men,  at  $3 9. 00 

4.  Metal  to  storehouse,  3  men,  at  $3 9^00 

5.  Bepair  gang,  3  men,  at  $5 15. 00 

00.00    *        1.0i> 

Item  III.  Cost  of  material : 

1.  Coke,«  18  tons,  at  $5.50 99.00 

2.  Pitch,  12  tons,  at  $9 108.00 

207.00  a44 

Item  IV.  General  expense: 

1.  Superintendence 10.00 

2.  Office  expense 10. 00 

8.  X.aboratory  expense 15.00 

4.  Yardmen,  3,  at  $3 - 9.00 

5.  Taxes  and  insurance  and  miscellaneous 60. 00 

6.  Repair  suppUes 50.00 

154. 00  2-  r.T 

Item  V.  Power : 

1.  1,400  kw.  h.,  at  5  cents 7.00  7.u» 

I'k  49 
Calculated  to  the  basis  of  raw  concentrate,  assuming  l5  per  cent  loss 

in  roasting,  equals 13. 13 

Credit  on  9  per  cent  extra  recovery,  108  pounds  zinc,  at  5  cents 5. 4*> 

7.73 
*  Spent  briqaets  used  once  again. 

This  does  not  Include  capital  investment  and  amortization. 

THE  irATHTTSIUS  FUBNACE. 

Hans  Nathusius  in  1918  described  several  forms  of  a  furnace  in 
which  the  electrodes  were  embedded  in  the  furnace  lining,  which 
was  made  of  some  material,  such  as  dolomite,  that  would  become 
an  electrical  conductor  when  hot.  The  heat  was  produced  partly 
by  the  current  flowing  in  this  furnace  lining,  and  partly  by  current 
flowing  through  the  charge  from  one  part  of  the  lining  to  another. 
A  uniform  temperature  was  thus  produced  throughout  the  reaction 
2one. 

In  the  furnace  shown  in  Figure  37  the  charge  is  fed  into  the  pre- 
heating chamber  g  and  thence  down  into  the  reaction  chamber  r, 
which  is  provided  with  electrodes  embedded  in  the  furnace  lining. 
The  zinc  vapor  and  CO  gas  are  drawn  off  through  the  passages  e 
into  the  condenser  c,  where  the  zinc  is  condensed.  The  CO  gas 
from  the  condenser  is  blown  back  through  /  into  the  preheater 
through  the  passages  d^  where  it  serves  to  preheat  the  incoming 
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charge.  The  exhaust 
gas  is  finally  removed 
through  the  flue  h.  The 
furnace  can  be  run  on 
material  which  will  re- 
main granular  during 
distillation,  in  which 
case  the  ashes  are  drawn 
off  from  an  ash  pit  be- 
low the  reaction  zone, 
or  if  desired  a  fusible 
charge  can  be  melted 
and  the  slag  and  bullion 
tapped  from  a  crucible 
below  the  smelting  zone. 
Nathusius  designed 
this  furnace  to  waste  as 
little  heat  as  possible 
and  in  a  test  run  re- 
duced zinc  oxide  with  a 
power  consumption  of 
920  kw.  h.  per  ton.  He 
does  not  claim,  how- 
ever, that  this  could  be 
duplicated  in  commer- 
cial work. 

THE  ZrSQ  PLANT  OF 
THE  ELEKTEOME- 
TAllTJRGISCHE 
WEKKE,  HOEBEM, 
GERMANY. 

In  1919,  A.  J.  All- 
mand  and  E.  R.  Wil- 
liams described  the  elec- 
trothermic  zinc  plant 
of  the  Elektrometallur- 
gische  Werke,  near 
Cologne,  Germany."® 
They  state  that  this 
plant  began  operations 
in  September,  19131 
They  do  not  give  the 
name    of    the    inventor 


Pio.  37. — ^I'he  Nathusius  furnace  (German  Patent 
293344,  Aug.  9,  1916)  :  a.  Spout;  b,  flue;  c,  con- 
denser ;  d,  e,  t,  passages ;  g,  preheating  chamber ; 
r,  reaction  chamber. 


*"«  AUmand,  A.  J.,  and  Williams,  E.  B.,   Some  chemical  plants  in  the  Cologne  area, 
part  II :  Jour.  Soc.  Chem.  Ind.,  vol.  38,  Aug.  30,  1919,  pp.  303-304  B. 
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of  the  furnace,  but  it  seems  to  be  similar  to  the  furnaces  designed  by 
Queneau  or  Specketer.  The  following  description  of  the  process  is 
quoted  from  their  paper: 

In  this  plant  zinc  Is  obtained  electrothermally  from  a  crude  zinc  oxide  by 
reduction  with  coka  The  ore  used  comes  from  the  Harz,  Ludwigshafen,  etc, 
and  contains  about  70  per  cent  zinc  with  small  quantities  of  lead,  copper, 
silver,  antimony,  and  cadmium.  It  is  first  mixed,  slightly  damp,  with  finely 
divided  coke,  and  preheated  to  a  dull  red  heat  In  a  revolving  roasting  furnace 
(Bruchner  type)  by  means  of  an  oil  and  tar  jet  burner.  This  operation  was 
said  to  take  S  to  10  hours.  The  charge,  weighing  about  5  to  5}  tons,  and  con- 
sisting of  70  per  cent  ore  and  80  per  cent  coke,  is  then  transferred  to  the 
electric  furnace,  hot  from  a  previous  operation,  and  smelted,  this  process  taking 
anywhere  from  24  to  36  hours.  The  zinc  distills  off,  and  is  for  the  most  part 
condensed  and  tapped  as  liquid,  the  remainder  being  burnt  to  zinc  white. 

The  electric  furnaces  insisted  of  steel  cylinders,  15  feet  in  length  and  15 
feet  in  diameter,  mounted  on  trunnions  and  rotated  on  a  horizontal  axis  by 
means  of  a  gear  and  pinion.  The  shell  was  lined  throughout  by  18  inches  of 
refractory  chamotte  material.  Three  charging  doors  were  disposed  symmetri- 
cally around  the  middle  of  the  casing.  Tlirough  each  end  of  the  latter  passed 
four  sets  of  electrodes,  and  copper  rings  and  brushes  made  it  possible  to  sup- 
ply current  in  all  positions  of  the  furnace.  The  electrodes  were  of  amorphous 
carbon  rod  about  5  Inches  In  diameter  and  3  feet  long.  From  statements  made 
it  would  appear  that  they  simply  carry  current  to  the  charge,  which  is  suffi- 
ciently conducting  to  allow  the  heating  currents  to  pass  through  it  (high  pro- 
portion of  coke,  preheating). 

Three-phase  current  is  employed,  and  with  a  current  of  2,000  to  3,000  amperes, 
a  voltage  of  160  to  170  volts,  and  a  power  factor  of  0.8;  each  furnace  con- 
sumes about  500  to  600  kw.  The  exact  figures,  as  also  the  time  taken  for  the 
complete  process,  dei)end  very  much  on  the  nature  of  the  ore,  skill  of  the  work- 
men, etc. 

The  condenser,  which  abutted  directly  on  the  furnace,  consisted  of  a  brick- 
lined  cylinder,  also  capable  of  rotation  on  a  horizontal  axis.  The  end  of  the 
furnace  was  pierced  by  three  holes  about  8  inches  in  diameter,  placed  sym- 
metricaUy  about  18  Inches  from  the  axis  of  the  cylinder.  To  these  corre- 
sponded three  holes  in  the  condenser,  and  the  zinc  vapors  passed  directly 
through  and  for  the  most  part  condensed  to  liquid.  Uncondensed  vapors  were 
burned  at  the  open  end  of  the  condenser  and  passed  into  a  stack  along  a  series 
of  cooling  flues  and  so  to  bag  filters  connected  to  a  suction  |an.  The  metallic 
zinc  was  tapped  ofl!  every  five  to  six  hours  and  run  into  iron  molds. 

The  total  zinc  recovery,  as  stated  to  us,  was  low — only  75  to  77  per  cent 
Of  this,  a  certain  amount  is  collected  as  zinc  white  (80  per  cent  zinc),  each 
charge  giving  about  150  kg.  of  this  product  The  metal  itself  is  98  per  cent 
pure,  the  chief  impurity  being  lead.  The  slags  from  a  single  operation  weigh 
at  least  1,600  to  1,700  kg.  and  consist  very  largely  of  coke.  At  no  time  are 
they  molten. 

The  plant  when  seen  contained  two  preheaters  and  five  electric  furnaces. 
Four  of  the  latter  are  constantly  in  action  when  working  under  fuU  pressure, 
under  which  conditions  a  total  of  300  tons  of  coke  (for  all  purposes)  and  10 
tons  of  electrodes  were  stated  to  be  required  per  month.  Three  hundred  tons 
of  zinc  was  made  during  the  last  half  of  1018.  Practically  no  work  was  done 
in  November  and  December. 
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HXSOELL&FEOTTS  PROCESS  AND  FUSITACES. 

Tn  addition  to  the  more  important  furnaces  described  in  the  pre- 
ceding pages,  the  following  deserve  mention  either  because  of  their 
historical  interest  or  because  of  their  possible  bearing  upon  the 
future  progress  of  electrothermic  zinc  metallurgy. 

In  1889  an  English  patent  *®  was  granted  to  Thomas  Parker  on  an 
electric  smelting  furnace  which  had  the  general  fonn  of  a  blast 

furnace,  with  electrodes  introduced  on  either  side  of  the  smelting 
zone  at  the  bottom  of  the  shaft.  The  top  of  the  furnace  was  closed 
and  the  charge  was  fed  in  by  a  screw  conveyer.  The  following  year 
a  patent  *^  was  granted  to  Thomas  Parker  and  Alfred  Robinson  on 
the  application  of  this  furnace  to  the  reduction  of  roasted  zinc  ores 
with  carbon. 

Alfred  Dorsemagen  was  among  the  first  of  several  to  attempt  to 
smelt  zinc  ores  in  an  electric  furnace  and  to  produce  at  the  same  time 
some  valuable  by-product.  Dorsemagen's  plan  **  was  to  reduce  zinc 
oxide  to  zinc  vapor  and  leave  a  residue  of  carborundum  in  the  fur- 
nace, according  to  the  equation: 

ZnaSlOi  +  5C«»Zli3  +  SIC  +  4CO. 

Oliver  W.  Brown  and  William  F.  Oesterle  at  about  the  same  time 
suggested*®  the  possibility  of  producing  zinc,  calcium  carbide,  and 
carbon  disulphide  in  one  operation  according  to  the  reactions : 


2ZnS  +  20*0  +  7C=-2Zn  +  2CaC2  +  CSs  +  2C0. 
2ZnS  +  CaO  +  4C=2Zn  +  CaCa  +  CS,  +  CO. 


Paul  Danckwardt  proposed**^  to  smelt  mixed  sulphide  ores  with 
lime,  coke,  and  sodium  sulphate  in  such  proportions  as  to  convert 
the  sulphur  of  the  ore  into  alkaline  and  alkaline  earth  sulphides 
while  the  zinc  was  liberated  as  vapor. 

H.  W.  Hixon  did  some  experimental  work  on  a  small  scale  in 
Mexico,  using  a  buried-arc  type  of  furnace,  but  had  no  success,  due 
to  his  inability  to  obtain  either  metallic  zinc  or  blue  powder  pure 
enough  to  be  sold  as  such.*^ 

*>  Parker,  Thomas,  Improvements  in  electrical  furnaces  and  their  manipulation,  British 
Patent  17060,  1889. 

'^  I^rker,  Thomas,  and  Eohinson,  Alfred,  ImproTcments  in  the  manufacture  or  produc- 
tion of  zinc  from  oxidized  ores  of  zinc,  British  Patent  12432,  1800. 

■B  Dorsemagen,  Alfred,  W(M*king  zinc  and  substances  containing  silicic  acid  in  electric 
furnace,  U.  S.  Patent  716008,  Dec.  16,  1902. 

»  Brown,  O.  W.,  and  Oesterle,  W.  F.,  Metallurgical  process,  U.  S.  Patent  742830,  Nov. 
3,  1903.  The  electric  smelting  of  zinc :  Trans.  Am.  Electrochem.  Soc,  vol.  8,  1904, 
pp.  171-186. 

40  Danckwardt,  Paul,  Process  of  recovering  zinc  from  sulphide  ores,  U.  S.  Patent  746798, 
I>ec.  15,  1903. 

«■  Hixon,  Hiram  W.,  Electrothermic  zinc  smelting :  Eng.  and  Min.  Jour.,  vol.  101,  .Tune 
17.  1916,  pp.  1080-1081. 
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In  1908,  Lindblad  and  Stalhane  proposed  to  smelt  zinc  ores  in 
a  furnace  similar  to  the  Swedish  electric  iron-ore  smelting  furnace  « 
The  smelting  would  take  place  in  the  crucible  of  the  furnace  and 
any  zinc  vapor  escaping  up  the  shaft  would  be  condensed  in  the  de- 
scending charge  and  returned  to  the  smelting  zone,  where  it  would 
progressively  enrich  the  zinc  vapor  there  produced,  part  of  this 
being  continuously  withdrawn  through  an  outlet  at  one  side  of  the 
smelting  crucible  and  condensed  to  spelter.  The  principle  was  some- 
what similar  to  that  of  F.  T.  Synder's  shaft  furnace. 

H.  Takubo  did  considerable  experimental  work  with  a  furnace  of 

the  buried-arc  or  slag  resistance  type.*^    He  smelted  about  1^  tons 
of  charge  per  24  hours,  with  a  power  consumption  of  1,300  kw.  h. 

per  ton  of  charge,  and  a  recovery  of  70  per  cent  of  the  lead  and  zinc. 

A  rotatable  arc  furnace  designed  by  C.  A.  Weeks  is  shown  in 
Figure  38.  Weeks  has  stated  that  he  'successfully  produced  con- 
siderable zinc  at  a  commercial  cost  from  zinc  scrap  and  dross,  but  was 
not  so  successful  in  treating  ores.** 

Heinrich  Specketer  did  a  great  deal  of  work  in  the  smelting  of  zinc 
ores,  using  a  variety  of  forms  of  rotating  furnaces,**  and  was  re- 
ported to  have  solved  the  condensation  difficulty.*® 

F.  W.  Highfield  designed  a  furnace  *^  in  which  the  raw  sulphide 
ore  was  first  blast  roasted  to  expel  sulphur  by  means  of  air  introduced 
into  the  bottom  of  the  furnace;  after  this  the  blast  was  turned  off 
and  the  charge  smelted  in  the  same  furnace  by  electrical  heat. 

L.  G.  Rowand  proposed  *®  to  allow  the  charge  of  ore  and  reducer 
to  pass  down  a  vertical  shaft  whose  walls  were  lined  with  current- 
carrying  resistors  to  furnish  the  necessary  heat,  or  down  a  shaft 
which  contains  staggered  rows  of  horizontal  bars  to  serve  as  resistors. 

A.  G.  Betts  has  suggested  treating  zinc  ores  or  zinc  slags  with 
f errosilicon  or  silicon  for  the  reduction  of  the  zinc.** 

Henry  Swift  Kimball  in  1914  first  suggested  subjecting  zinc  vapor 
in  the  condenser  to  the  action  of  an  electric  field  as  in  the  Cottrell 
process,  claiming  that  this  gave  an  increased  recovery  of  liquid 
spelter.**' 

^Lindblad,  A.  Rk,  and  Stalhane,  O.,  Method  and  furnace  for  the  reduction  of  Kinc, 
British  Patent  251K79.  1009. 

**  Ingalls,  W.  B.,  Unpublished  report  to  Canadian  Department  of  Mines  on  the  electro- 
thermic  smelting  of  zinc  ores. 

^  WeelcSr  Chas.  A.,  Milling  nonf errous  metals  in  an  electric  f umiu» :  Met.  and  Chem. 
Eng.,  VOL  0,  1012,  p.  303. 

^  Specketor,  Heinrich,  Procees  of  and  apparatus  for  producing  sine  and  other  similar 
metals,  U.  S.  Patents  1009211,  June  9,  1914 ;  1231084,  January,  1915. 

*«  IngallB,  W.  R.,  Zinc :  Mineral  Industry,  vol.  21,  1912,  p.  895. 

*T  Highflc4d,  F.  W.,  Smelting  of  ores  and  apparatus  therefor,  U.  S.  Patent  1167176,  Jan. 
4.  1910. 

«  Rowand,  Lewis  G.,  Electric  furnace,  U.  S.  Patents  1289055,  1289056,  Dec  24,  1918. 

<•  Betts,  Anson  O.,  I^rocess  of  Bmclting  zinc  ores,  U.  8.  Patent  918648,  Apr.  20,  1909. 

«» Kimball,  Henry  Swift,  Metallurgy,  U.  8.  Patent  1189830,  July  4,  1916. 
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In  recent  years,  Sven  Huldt  of  Sweden  has  been  granted  several 
patents"  on  methods  of  melting  blue  powder  and  refining  zinc  The 
principle  of  his  devices  for  melting  blue  powder  is  to  heat  the  powder 
in  a  closed  furnace  to  a  temperature  above  the  melting  point  of  zinc, 
at  the  same  time  subjecting  it  to  a  rubbing  action  by  giving  the 
furnace  a  rotating  or  oscillating  motion. 


FiaOHB  as.— WeekB  rotataUe  arc  furnace  <U,  S,  Patent  040611,  1010). 

Figure  39  is  a  diagram  of  E.  S.  Berglund's  condenser  for  accom- 
plishing tlie  same  result.  The  mixture  of  fluid  zinc  and  powder 
collects  in  the  bottom  of  the  condenser  and  is  pushed  out  through 
the  opening  6  by  means  of  the  screw  conveyer  3.  This  screw  Bubjects 
the  zinc  powder  both  fo  a  rubbing  action  and  to  a  certain  pressure, 

»  Buldt,  Sren,  Method  of  conTo-tlDK  alnc  po«i1»  into  liquid  sine,  U.  8.  Patont  1260808, 
yiAj  21,  lOlS.  Method  or  teflnlns  volatile  meUils,  U.  8.  rati-nt  I288T22.  Jan.  4,  IDIO. 
CondeDSor  for  Elne  rapoiH,  U.  S.  i-atent  1311604,  Jnlf  20,  1019.  Method  of  reOnlDg 
EiQC,  U.  8.  ratenC  ISl^i'lHU,  Aug.  l>,  IDID. 
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and  materially  increases  the  yield  of  m^Allic  zinc.  Berglund  has 
also  designed  a  condenser  which  will  deliver  the  blue  powder  back 
to  the  smelting  furnace  as  fast  as  it  is  ccmdensed,'*  and  other  im- 
pTOTementa  in  the  details  of  the  operation  of  electric  zinc  furnaces." 

E.  A.  Johansson  has  designed  a  condenser**  in  which  the  lower 
part  of  the  condenser  rotates,  subjecting  the  blue  powder  to  the 
action  of  stones  or  weights  dragging  on  a  horizontal  surface. 

The  suggestions  of  Huldt,  Berglund,  and  Johansson  are  all  prob- 
ably  developments  of  the  process  as  carried  out  at  TroUhattan  or 
other  Scandinavian  works. 

THE  ZUrC  COHDEHSATIOK  FSOBLEX. 

The  greatest  difficulty  that  has  been  encountered  in  all  the  attempts 
to  smelt  zinc  ores  electrically,  and  one  that  has  caused  the  failure 


of  many  otherwise  promising  attempts,  is  the  difficulty  of  condens- 
mg  the  zinc  vapor  obtained  from  the  smelting  furnace  to  liquid 
zinc.  In  the  earlier  work,  the  major  part  of  the  zinc  was  invariably 
obtained  aa  blue  powder,  which  clogged  the  condensers  and  had  to 
be  ppsmeltcd  to  obtain  a  marketable  product. 

CONDENSATION  OP  PTJBE  ZINC  VAPOB. 

Pure  zinc  vapor  at  atmospheric  pressure  begins  to  condense  at 
920°  C.  and  will  continue  to  condense  at  that  temperature  as  long 

"  Bvrsland,  E.  S.,  Method  and  apitaratUB  toe  eitnctlog  sine,  n.  8.  PatPot  1236305. 
AuR.  14,  1017. 

'•BvglaDd.  E.  S..  TreaHng  matsrlals  ]d  riectrlc  rumaim,  U.  S.  Patent  IISOSM,  Nov. 
10,  1015.  ApiiarBtUH  for  pri'VpnUng  slaterlng  in  electric  (umace,  II.  B.  Pftteot  1106202, 
Aug.  20,  1016.  Method  of  and  apparatuH  for  obtaining  line.  V.  S.  Paleiit  1207127,  Dec. 
D.  1016.     KloctrolHermtc  eitractlon  of  line,  U.  S.  I'atent  1271267,  Julj  2,  1918. 

>•  JohauBSon,  E.  A.,  Condea«a-  toe  iIdc  and  lead  rapora,  U.  8.  rateiit  1149eSB,  Jul;  «, 
1015. 
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as  more  vapor  is  supplied  to  keep  up  the  pressure.  As  rapidly  as 
the  zinc  is  deposited  on  a  condensation  surface,  fresh  vapor  will 
move  up  to  take  its  place,  and  as  long  as  the  temperature  is  properly 
regulated  very  little  or  no  blue  powder  will  be  produced.  The  tem- 
perature may  vary  between  rather  wide  limits,  as  zinc  should  be 
condensed  to  liquid  at  any  temperature  between  the  melting  point 
of  zinc  and  its  boiling  point.  In  practice  there  has  been  no  great 
difficulty  in  distilling  crude  spelter  or  zinc  scrap  and  obtaining  a 
good  yield  of  refined  spelter.  The  TroUhattaji  and  Sarpsborg  plants 
were  able  to  treat  scrap  and  drosses  at  a  profit  long  before  they  had 
any  success  with  zinc  ores,  and  more  recently  Thomson  and  Fitz- 
gerald and  others  have  redistilled  considerable  amounts  of  crude 
spelter  in  continuous  runs,  with  almost  complete  condensation  to 
liquid  zinc. 

CONBENBATION  OE  ZINC  VAPOB  DILUTED  WITH  CO  GAS. 

When  reducing  zinc  oxide,  however,  according  to  the  reaction 
ZnO-f-C=Zn-f-CO,  a  mixture  of  carbon  monoxide  and  zinc  vapor  is 
produced  in  equal  parts  by  volume.  In  a  mixture  of  zinc  vapor 
with  other  gases,  zinc  starts  to  condense  when  the  partial  pressure 
of  the  zinc  vapor  in  the  mixture  is  equal  to  the  saturated  vapor  pres- 
sure of  molten  zinc.  Zinc,  therefore,  will  not  start  to  condense  from 
a  mixture  of  gases  at  atmospheric  pressure  until  a  temperature  is 
reached  considerably  below  that  at  which  pure  zinc  vapor  will  con- 
dense ;  then  as  zinc  condenses  the  partial  pressure  of  its  vapor  in  the 
diluting  gases  is  decreased  and  the  temperature  must  be  still  further 
lowered  to  condense  another  increment  of  zinc.  This  must  be  con- 
tinued until  the  amount  of  zinc  vapor  in  the  uncondensed  gases  is 
reduced  to  the  desired  amount.  This  is  analogous  to  the  condensa- 
tion of  water  vapor  from  air.  If  the  air  is  very  nearly  saturated, 
a  slight  lowering  of  the  temperature  will  cause  some  moisture  to  con- 
dense, but  comparatively  dry  air  must  be  cooled  to  a  much  lower 
temperature  before  moisture  begins  to  form. 

Table  5^'  gives  the  temperatures  at  which  condensation  starts 
from  various  mixtures  of  zinc  vapor  and  carbon  monoxide,  also  tem- 
peratures at  which  the  condensation  is  50  per  cent  complete  and  90 
per  cent  complete,  respectively. 

"StaiiEfleld,  Alfred,  The  electric  famAceb  2d  ed.,  1914,  p.  331. 
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Table  5. — Condengation  of  zinc  from  mixtures  of  zinc  vapor  and  carbon  mofumde. 


Zinc  in  mix- 

CoodensaUon 

50  per  cent 

90  per  cent 

tore. 

starts. 

coadenfled. 

condensed. 

PereerU, 

Temp.,  •  C, 

Temp..  •  C. 

Temper  *C. 

100 

930 
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Zinc  does  not  begin  to  condense  from  the  mixture  of  equal  vol- 
umes of  CO  and  zinc  vapor  resulting  from  the  reduction  of  zinc 
oxide  by  carbon  until  the  temperature  falls  to  that  at  which  the  vapor 
pressure  of  zinc  is  equal  to  half  an  atmosphere.  This  is  at  about 
865^  C.  At  600°  C.  1^  per  cent  of  the  zinc  is  still  uncondensed. 
Furthermore,  it  requires  an  appreciable  time  for  the  zinc  vapor  to 
diffuse  through  the  dilutiAg  gas  to  the  surface  of  the  condenser,  so 
that  if  the  temperature  drops  too  suddenly  the  zinc  will  condense  in 
the  gas  stream  as  minute  drops  which  will  be  swept  on  and  solidified 
as  powder  before  they  have  an  opportunity  to  coalesce.  Any  zinc 
vapor  which  remains  uncondensed  at  the  melting  point  of  zinc 
(419°  C.)  will  condense  in  the  solid,  powdery  form  as  hoar  frost. 
This  latter,  however,  in  the  presence  of  only  an  equal  amount  of 
diluting  carbon  monoxide  is  less  than  1  per  cent  of  the  total  zinc. 

In  order  to  obtain  a  good  condensation  under  the  above  conditions, 
it  is  necessary  that  the  temperature  of  the  condenser  should  be  care- 
fully regulated,  with  a  gradual  fall  from  865°  C.  to  only  slightly 
above  the  melting  point  of  zinc;  that  sufficient  condensation  surface 
be  provided  and  so  arranged  that  the  zinc  vapor  need  not  diffuse 
through  too  great  a  distance  in  order  to  come  in  contact  with  it;  and 
that  the  gas  stream  will  pass  through  the  condenser  at  a  low  enough 
velocity  to  allow  ample  time  for  the  required  diffusion  and  for  small 
drops  to  coalesce  and  join  the  main  body  of  liquid  zinc  before  they 
reach  the  temperature  at  which  they  will  solidify.  As  against  these 
conditions  we  have  the  tendency  of  CO  to  dissociate  at  the  temper- 
ature of  the  zinc  condenser  into  carbon  and  carbon  dioxide,  accord- 
ing to  the  equation  2CO=C024-C.  This  reaction  is  reversible.  The 
mixture  of  COj  and  CO  in  equilibrium  with  solid  carbon  at  1,000°  0. 
contains  only  traces  of  COg,  insufficient  to  oxidize  zinc,  but  as  the 
temperature  falls  the  COj  increases  until  at  the  lower  temperatures 
of  zinc  condensation  (500°  to  750°  C.)  CO^  at  equilibrium  is  over 
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60  i)er  cent.  Any  COg  in  the  gas  mixture  above  a  small  per  cent  has  a 
strong  oxidizing  effect  on  zinc,  and  the  final  result  would  be 

2CO=«C02  +  c. 

COa  -f  Zn=»ZnO  +  CO. 

CO  +  Zii=ZnO  +  C. 

or  a  reversal  of  the  carbon  reduction  reaction,  were  it  not  for  the 
fact  that  the  decomposition  of  CO  to  CO2  and  C  takes  place  very 
slowly  in  the  absence  of  catalyzers,  and  under  favorable  conditions 
the  zinc  is  condensed  before  the  above  reactions  have  had  time  to 
take  place  to  a  marked  extent.  The  tendency,  however,  is  to  coat  the 
newly  formed  globules  of  zinc  with  zinc  oxide  and  prevent  their 
coalescence.  To  prevent  oxidation  of  zinc  because  of  this  formation 
of  CO,  and  that  due  to  infiltration  of  air  into  the  condenser,  it 
is  essential  that  the  passage  from  the  furnace  to  the  condenser  be 
as  short  as  possible  and  that  the  zinc  be  condensed  as  rapidly  as  it 
can  be  without  too  sudden  cooling. 

EFFECT   OF  lUPTTBITIES  IN  THE  ZINC  VAFOB  OBTAIITEI)  FBGIO: 

SMELTING  ORES. 

Complex  as  is  the  problem  of  condensing  zinc  vapor  ftom  the 
reduction  of  pure  zinc  oxide  under  the  most  favorable  conditions, 
when  the  question  of  condensing  the  vapor  from  the  gases  produced 
in  smelting  ores  is  considered,  a  multitude  of  new  complexities  is 
introduced.  Zinc  is  oxidized  by  the  CO2  formed  from  the  breaking 
up  of  carbonates  and  from  the  reduction  of  iron  or  other  metal 
oxides  at  low  temperatures,  according  to  reactions  such  as  FeO+ 
C0=Fe+C02  and  by  the  water  vapor  from  moisture  in  the  ore  or 
from  hydrous  minerals.  The  zinc  vapor  is  diluted  more  extensively 
because  CO  is  formed  by  the  reduction  of  other  metals  than  zinc* 
The  zinc  vapor  is,  moreover,  sulphidized  by  sulphur  and  SOj,  and 
considerable  amounts  of  very  fine  dust  from  the  charge  are  likely  to 
be  carried  over  into  the  condenser  by  the  rush  of  evolved  gases,  which 
will  hinder  efficient  collection  of  the  condensed  drops  of  zinc 

An  immense  amount  of  time  and  work  has  been  put  in  by  all 
investigators  of  the  subject  in  trying  to  solve  these  questions  in 
their  relation  to  the  electrothermic  metallurgy  of  zinc;  and  the 
variety  of  processes,  furnaces,  and  condensers  which  have  been  de- 
veloped is  largely  the  result  of  the  efforts  in  this  direction* 

TWO  CliASSES  OF  ELITE  POWBEB. 

The  problem  of  blue  powder  may  be  considered  in  its  relation  to 
the  electric  smelting  of  ores  under  two  heads.  Blue  powder  is 
classed  either  as  chemical  blue  powder,  which  is  caused  by  an  oxide, 
sulphide,  or  similar  film  on  the  condensed  zinc  droplets  which  pre- 
vents their  collecting  together  in  one  mass  (under  this  head  can 
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perhaps  also  be  classed  the  blue  powder  formed  when  a  large  amount 
of  fine  dust  is  carried  over  with  the  zinc  vapor,  though  the  action 
is  really  not  chemical) ;  or  physical  blue  powder,  which  is  caused  by 
improper  physical  conditions  in  the  condenser,  such  as  poor  tempera- 
ture regulation,  insufficient  surface  for  condensation,  or  such  a  large 
ratio  of  volume  to  surface  that  diffusion  of  zinc  to  the  surface  can 
not  take  place  rapidly  enough,  or  such  high  velocity  of  the  gas 
stream  through  the  zone  of  favorable  temperature  that  there  is  in- 
sufficient time  for  diffusion  or  for  proper  collection  of  the  condensed 
globules  of  zinc. 

CAUSES  OF  CHEMICAL  BLUB  POWDER. 

Chemical  blue  powder  results  largely  from  conditions  in  the  smelting 
furnace,  though  if  its  formation  is  to  be  prevented  leakage  of  air  into 
the  condiBnser  or  the  presence  of  iron  or  similar  catalyzer  of  the  reac- 
tion 2  C0=C02-}-C  in  the  condenser  must  not  be  allowed.  In  the 
smelting  of  zinc  ores  in  fuel-fired  retorts  the  oold  charge  is  heated 
up  uniformly  and  gradually  to  distilling  temperature,  so  that  mois- 
ture and  CO2  are  expelled  and  easily  reducible  metals  are  reduced 
before  zinc  starts  to  distill.  In  addition,  there  is  always  present 
during  distillation  a  large  excess  of  hot  carbon  to  convert  any  CO, 
formed  to  CO.  The  charge  is  so  small  and  the  evolution  of  vapors 
so  gradual  that  little  dust  is  carried  over  mechanically.  Some  of 
the  electric  furnaces  of  the  intermittent  type — as,  for  example,  the 
Fulton  furnace — duplicate  these  conditions  very  closely,  and  it  is 
imdoubtedly  for  this  reason  that  they  have  given  very  good  condensa- 
tion results.  Conditions  in  electric  furnaces  of  the  continuous-smelt- 
ing type  are  quite  different  from  those  in  a  fuel-fired  retort.  Here 
the  temperature  in  the  furnace  is  not  uniform,  and  if  the  raw  charge 
is  introduced  cold,  water  vapor  and  COj  will  be  produced  in  the 
cooler  parts  of  the  furnace  at  the  same  time  zinc  vapor  is  being 
produced  in  the  smelting  zone.  In  those  types  in  which  the  residue 
is  tapped  as  liquid  slag,  matte,  and  bullion,  no  great  excess  of  carbon 
can  be  present  to  reduce  COj,  and  in  some  types  the  heat  is  so 
localized  and  the  evolution  of  gas  from  the  smelting  zone  so  rapid 
as  to  cause  excessive  dusting  of  the  charge.  The  intense  heat  in  the 
localized  smelting  zone  may,  moreover,  cause  such  impurities  as  iron 
and  silicon  to  be  reduced  and  volatilized,  and  these  will  coat  zinc 
globules  in  the  condenser  and  hinder  their  coalescence. 

The  production  of  CO2  and  water  vapor  in  the  smelting  furnaces 
can  be  largely  prevented  by  preheating  the  charge  before  it  enters 
the  electric  furnace ;  tliis  is  one  of  the  chief  advantages  of  preheating. 
Preheating  also  prereduces  part  of  the  metals  other  than  zinc  and 
thus  saves  some  dilution  of  the  zinc  vapor  in  the  smelting  furnace. 
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Several  experimenters  have  tried  to  correct  the  lack  of  excess  car- 
bon in  the  charge  by  passing  the  vapors  through  a  column  of  hot 
carbon  after  they  leave  the  furnace,  but  this  seems  to  have  been  of 
doubtful  value  and  with  proper  preheating  is  now  considered  un- 
necessary. The  localization  of  heat  and  evolution  of  dust  can  be 
partly  overcome  by  heating  by  the  resistance  of  the  charge  be- 
tween electrodes  rather  than  by  the  arc,  and  the  later  furnaces  of 
the  buried-arc  type  all  do  this  as  much  as  possible.  Some  investiga- 
tors have  attempted  to  avoid  most  of  these  difficulties  and  at  the 
same  time  to  do  away  with  the  cost  of  roasting  by  treating  green 
sulphide  ores  with  metallic  iron.  This  would  give  zinc  vapor  un- 
mixed with  CO  or  COa,  but  in  practice  it  is  found  that  the  vapors 
of  the  metal  employed  and  the  sulphur  vapors  from  the  unroasted 
sulphides  have  as  detrimental  an  effect  as  the  gases  produced  by 
the  carbon  reduction. 

CAUSES  OP  PHYSICAL  BLUE  POWDER. 

The  production  of  physical  blue  powder  depends  almost  entirely 
upon  the  design  of  the  condenser.  The  condenser  used  in  the  ordi- 
nary retort  process  is  the  result  of  development  during  many  years 
of  practical  experience ;  and  though  it  accomplishes  the  desired  results 
fairly  well,  existing  knowledge  of  the  factors  involved  is  not  sufficient 
for  successfully  adapting  its  impoi:tant  features  to  the  condensation 
of  the  immensely  greater  amounts  of  zinc  produced  from  an  electric 
furnace. 

The  temperature  must  be  properly  controlled.  In  the  retort 
process,  this  is  accomplished  by  the  heat  radiated  from  the  front  of 
the  distillation  furnace.  In  electric  smelting,  it  has  been  a  common 
custom  to  provide  complicated  means  for  heating  or  cooling  the  con- 
denser artificially.  It  seems  certain,  however,  that  for  a  constant  flow 
of  gas  it  should  be  possible  so  to  design  the  condenser  that  the  radia- 
tion would  just  balance  the  heat  produced  from  the  condensation  of 
the  zinc,  and  extra  means  for  controlling  the  temperature  should 
not  be  necessary  except  when  starting  up  a  cold  condenser. 

The  size  of  the  condenser  must  be  greatly  increased  to  obtain  the 
desired  capacity,  but  how  this  is  to  be  done  is  not  known.  If  all 
linear  dimensions  of  the  retort  condenser  are  proportionately  in- 
creased, the  volume  is  increased  but  the  surface  is  not  increased  in 
proportion.  If  the  surface  is  increased  in  proportion  to  the  amount 
of  vapor  to  be  condensed,  the  volume  has  either  been  increased 
entirely  too  much  or  a  complicated  and  unwieldly  construction  has 
been  produced.  It  will  probably  be  discovered  later  that  a  simple 
condenser  of  large  capacity  can  be  constructed  which  will  keep  the 
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essential  features  of  the  zinc  retort  condenser  but  will  alter  unessen- 
tial ones  to  suit  increased  size.  At  present  there  is  not  enough  known 
about  the  physics  involved  to  determine  certainly  which  are  the  essen- 
tial features  and  which  the  unessential.  During  recent  years,  con- 
densers of  large  capacity  have  been  operated  with  satisfactory  results, 
but  they  have  been  the  result  of  many  practical  trials  and  more  ex- 
perimentation would  probably  be  required  to  adopt  them  to  smelting 
furnaces  of  different  types  or  of  much  different  size. 

A  CBITICAL  STUDY  OF  THE  BETOBT  GONBENSEBw 

F.  T.  Snyder  has  made  an  interesting  critical  study  of  the  retort 
condenser.'®  He  assumes  the  average  temperature  of  the  gas  enter- 
ing the  condenser  to  be  1,050°  C.  at  the  center  line  of  the  retort  and  of 
gases  leaving  it  to  be  600®  C.  at  the  center  line  and  450®  C.  at  the  sur- 
face of  the  condenser.  He  finds  that  the  average  rate  of  condensation 
is  0.4  gm.  of  zinc  per  square  centimeter  of  condenser  surface  per  hour 
and  the  average  cooling  effect  is  0.21  cal.  per  square  centimeter  per 
hour.  The  average  velocity  of  the  gases  entering  the  condenser  is 
4.67  cm.  per  second,  and  of  those  leaving  the  condenser  is  7.67  cm. 
per  second;  or  a  mean  value  of  5.17  cm.  per  second.  The  average 
time  of  the  gas  in  the  condenser  is  10.6  seconds.  The  product  of  the 
velocity  of  the  gases  in  centimeters  per  second  times  the  lateral 
equivalent  diffusion  distance  to  the  condenser  surface  (corrected  to 
864°  C.)  is  9.9  at  the  retort  end  and  9.1  at  the  nose  end,  an  average 
of  9.5. 

Snyder  believes  these  are  the  important  characteristics  to  be  kept 
in  mind  when  designing  a  condenser  for  an  electric  furnace. 

PRESENT  STATUS  OF  THE  CONDENSATION  FBOBIiEM. 

In  conclusion,  it  may  be  said  that  several  investigators  have 
succeeded  in  obtaining  good  yields  of  liquid  zinc  in  large-scale  tests 
covering  many  days  or  weeks,  so  that  there  is  now  no  doubt  that  it  can 
be  done.  On  the  other  hand,  Ingalls  reports  that  the  Scandinavian 
metallurgists  no  longer  attempt  to  produce  spelter  in  the  first  smelt- 
ing, but  find  it  more  advantageous  to  run  their  furnaces  at  a  high 
temperature  to  volatilize  all  zinc  and  lead,  and  to  collect  these  as 
blue  powder,  which  is  melted  and  refined  in  a  second  furnace.  It 
was  formerly  thought  that  blue  powder  could  not  be  melted 
economically,  but  in  Sweden  and  Norway  it  has  been  found  feasible 
to  do  this  by  subjecting  the  powder  to  a  rubbing  action  at  melting 
temperatures. 

"■  Snyder,  F.  T.,  The  coDdensation  of  zinc  vapor  from  electric  faraaces :  Tran^  Am. 
■^Icctroohem.  Soc,  vol.  19,  1911,  pp.  817-381. 
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When  the  physical  and  chemical  factors  involved  are  better  under- 
stood, it  will  undoubtedly  be  found  that  proper  condensation  of 
zinc  vapor  to  spelter  may  be  fairly  easily  accomplished  with  a  simple, 
properly  designed  condenser  and  a  continuous  flow  of  vapor. 

COMMEBCIAL  POSSIBILITIES  OF  ELECTBIC  ZIKC  SIEELTINO. 

PRESENT  COMMEBCIAL  DEVELOPMENT. 

The  electric  smelting  of  zinc  ores  for  the  production  of  spelter 
can  now  be  termed  metallurgically  feasible.  The  question  of  cost 
then  becomes  of  paramount  importance.  Up  to  the  present  time, 
the  plants  in  Norway  and  Sweden  are  the  only  ones  that  have  been 
able  to  achieve  commercial  success.  Little  data  on  their  costs  are 
available,  but  the  plants  have  been  able  continuously  to  maintain 
and  expand  their  operations  during  more  than  15  years.  They  are 
favored  by  having  very  cheap  power  available,  and  it  is  probable 
that  their  process  would  not  be  commercially  practicable  in  this 
country.  Judging  from  published  reports,  their  metallurgical 
results  are  not  as  good  as  have  been  obtained  in  much  of  the  work 
in  this  country. 

BASIS  FOBr  ESTIMATING  COSTS. 

Consideration  of  the  prospects  for  the  electrothermic  process  in 
America,  then,  must  depend  upon  costs  estimated  from  results  of  ex- 
perimental runs  with  furnaces  of  semiconunercial  size.  Many  cost  es- 
timates have  been  published  in  the  technical  press,  some  based  upon 
purely  theoretical  considerations,  some  on  laboratory  experiments,  but 
only  a  few  impartial  ones  have  been  based  on  really  reliable  data.  The 
record  of  the  development  of  electric  smelting  is  full  of  discussions 
of  the  advantages  of  the  electric  furnace  over  other  processes.  Some 
of  these  are  unprejudiced  reviews  of  the  advantages  and  disadvan- 
tages of  each  process,  some  are  the  views  of  overoptimistic  inven- 
tors, while  some  claims  for  the  electric  furnace  have  been  made 
which  are  so  extravagant  as  to  discredit  the  whole  subject.  The 
electric  furnace  undoubtedly  has  so  many  advantages  that  it  may 
stand  on  its  true  merits,  and  its  progress  will  be  best  served  if  those 
who  expect  great  things  from  it  will  realize  that  there  are  some 
points  which  must  be  worked  out  under  actual  operating  conditions 
before  the  maximum  possibilities  will  be  realized.  Moreover,  the 
same  judgment  and  attention  to  local  conditions  must  be  employed 
as  in  adapting  any  other  process  to  a  particular  problem. 

Local  conditions  as  to  cost  of  power,  labor,  material,  and  character 
of  ore  supply  vary  so  much  from  place  to  place  and  from  year  to 
year  that  detailed  cost  estimates  are  not  especially  valuable  in  a 
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general  consideration  of  the  subject.  It  will  be  more  useful  to  dis- 
cuss separately  the  different  items  that  enter  into  the  total  cost  and 
to  compare  these  items  with  the  corresponding  ones  in  competitive 
processes ;  then  from  these  data  estimates  can  be  made  by  those  inter- 
ested in  any  particular  local  problem  by  taking  local  conditions  into 
consideration. 

POWEB. 

AMOUNT  OP  POWER  REQUIRED. 

The  largest  single  item  of  cost  in  the  electrothermic  process  is  electric 
power.  One  of  the  popular  talking  points  in  favor  of  the  electric 
furnace  as  compared  with  the  retort  furnace  has  been  that  the  heat 
was  generated  in  the  charge  itself  instead  of  having  to  be  conducted 
through  the  retort  walls,  and  hence  was  used  very  much  more  effi- 
ciently. Electric  power  as  a  source  of  heat  is,  however,  much  more 
expensive  than  coal,  so  that  as  close  an  estimate  as  possible  must  be 
formed  of  the  amount  which  will  be  required  in  a  commercial-sized 
furnace.  The  heat  absorbed  in  the  reduction  of  zinc  oxide  by  carbon, 
according  to  the  reaction  ZnO-f-C=Zn-f-CO,  starting  with  cold  ZnO 
and  C  and  ending  with  cold  Zn  and  CO,  is  55,640  cal.  per  mole.  With 
cold  zinc  oxide  and  carbon  at  the  start  and  with  zinc  vapor  and  CO  at 
1,200*^  C.  at  the  finish,  the  heat  absorbed  is  102,280  cal.  per  mole,  or 
1,565  kg.  cal.  per  kilogram  of  zinc= 1,419,768  kg.  caL  per  ton  (2,000 
pounds)  of  zinc.    This  is  equivalent  to  1,651  kw.  h.  per  ton  of  zinc. 

In  the  reduction  of  ores  additional  heat  must  be  supplied  to  heat 
the  gangue  and  excess  carbon  to  smelting  temperature  and  for  other 
reactions  which  take  place.  Gin  calculated  the  energy  theoretically 
required  to  smelt  a  50  per  cent  calcined  calamine  ore  as  945,500  cal.  per 
metric  ton.*^  Richards  has  corrected  Gin's  figures  and  obtains 
1,140,180  cal.  per  metric  ton=l,326  kw.  h.  per  metric  ton,  or  1,203 
kw.  h.  per  ton  of  2,000  pounds.*®  For  a  recovery  of  900  pounds  of  zinc 
per  ton  of  ore  this  would  be  2,673  kw.  h.  per  ton  of  zinc  produced. 
Fulton  gives  the  thex)retical  power  consumption  for  60  per  cent  zinc 
ore  smelted  in  his  briquet  furnace  as  1,372  kw.  h.  per  ton  of  ore.*' 
For  90  per  cent  recovery,  this  would  be  2,541  kw.  h.  per  ton  of 
spelter  produced. 

The  power  required  per  ton  of  ore  decreases  as  the  percentage  of 
zinc  decreases  but  not  in  direct  proportion,  since  more  power  is  lost 
as  sensible  heat  in  the  increased  amount  of  gangue  present.  The 
power  per  ton  of  zinc  produced  therefore  increases  as  the  percentage 
of  zinc  in  the  ore  decreases. 

''Giny  Gu8tave»  The  electrometallurgy  of  zinc:  Tran&  Am.  Electrochem.  Soc,  voL  12« 
1907.  pp.  117-139. 

B^  Richards,  J.  W.,  Metallurgical  calculations,  2d  ed.,  vol.  3,  1908,  pp.  611-614. 

»  Pulton,  C.  H.,  Electric  furnace  of  large  capacity  for  »inc  ores :  Trans.  Am.  Inst  M!n. 
Bng.,  TOI.  64,  1020,  pp.  18^226. 
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In  practice,  radiation  losses  and  transmission  losses  must  be  added 
to  the  theoretical  power  required,  but,  on  the  other  hand,  part  of 
the  necessary  heat  may  be  supplied  by  nonelectrical  means  and  part 
of  the  power  may  be  recovered  by  burning  the  CO  produced,  and  in 
some  furnaces  from  the  sensible  heat  of  the  products. 

Snyder  stated®^  that  the  power  consumption  per  ton  of  raw  ore 
in  the  experimental  furnaces  of  the  Canada  Zinc  Co.  at  Vancouver 
over  a  period  of  eight  months  approximated  closely  the  empirical 
formula :  Kilowatt  hours  per  ton  of  raw  ore=650+5  times  the  per 
c&Lt  of  zinc  present.  Applying  this  to  different  grades  of  ore,  he 
arrives  at  the  following  table : 

«  Kw.  h,  required — 

Per  ton  Per  ton 

ore.  sine. 

Pure  zinc  oxide — 80  per  cent  zinc 1, 050  1, 315 

Calcined  calamine — 50  per  cent  zinc 900  1, 800 

Blende— 52  per  cent  zinc 910  1, 750 

Broken  Hill— 26  per  cent  zinc 780  3, 000 

These  are  lower  than  the  theoretical  power  consumptions  given 
above.  In  Snyder's  furnace,  however,  the  zinc  was  condensed  in  the 
furnace  and  left  the  furnace  as  liquid  zinc.  The  CO  produced  was 
used  for  preheating  the  charge.  Richards  has  shown®*  that  if  the 
zinc  and  CO  leave  the  furnace  at  500°  C.  the  figures  given  are  theo- 
retically possible.  The  power  consumption  given  for  pure  zinc  oxide 
would  correspond  to  a  furnace  efficiency  of  88  per  cent,  or  if  the 
heat  absorbed  in  chemical  reactions  is  subtracted  and  the  efficiency 
calculated  on  the  remainder  it  is  46  per  cent.  The  power  require- 
ments in  the  larger  plant  of  the  Canada  Zinc  Co.  at  Nelson  were  not 
published. 

Salgues  reported  •*  that  in  a  100-kw.   furnace  smelting  40   to 

45  per  cent  ore  5  kg.  of  zinc  were  produced  per  kilowatt  day,  or  1 

ton  of  zinc  per  4,355  kw.  h. 
Stansfield  smelted  an  ore  averaging  25  per  cent  zinc  and  25  per 

cent  lead  in  a  15-kw.  furnace  for  800  to  850  kw.  h.  per  ton  of  ore.*' 
Stansfield  made  efficient  use  of  the  heat  in  the  products  of  reaction, 
but  he  could  not  produce  liquid  spelter  because  of  condensation  dif- 
ficulties. 

The  power  consumption  at  TroUhattan  during  the  tests  made  by 
F.  W-  Harboard  on  Broken  HiU  slime  containing  36  per  cent  zinc 
and  24  per  cent  lead  was  2,078  kw.  h.  per  ton  of  ore.®*  This  included 
500  to  600  kw.  for  resmelting  blue  powder. 

The  power  used  by  the  Cote  and  Pierron  furnace  is  reported  in 
various  tests  as  from  1,700  to  2,200  kw.  h.  per  metric  ton  of  ore. 

«  Snyder,  F.  T.,  Trans.  Am.  Electrochcm.  Soc,  vol.  12,  1907,  pp.  138-139.  Discussion  of 
paper  by  Gin. 

•^  Richards,  J.  W.,  Metallurgical  calculations,  2d  ed.,  vol.  8,  1908,  p.  616. 

«  Stansfield.  Alfred,  The  electric  furnace,  2d  ed.,  1914,  p.  823. 

«>  Engineering  and  Mining  Journal,  Zinc  smcdting  at  TroUhattan ;  summary  of  a 
report  by  F.  W.  Harboard ;  Vol.  93,  1912,  pp.  314)-^15. 
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The  500-horsepower  furnace  being  built  at  Epierre  in  1917  was  ex- 
pected to  require  from  2,000  to  2^00  kw.  per  metric  ton,  or  about 
•  1,800  to  2,000  kw.  per  short  ton  of  ore.**  This  was  divided  in  the 
proportion  of  about  75  per  cent  in  the  smelting  furnace  and  25  per 
cent  in  the  auxiliary  condenser  furnace. 

In  the  largest  run  with  the  experimental  furnace  of  the  Canadian 
Department  of  Mines  at  Montreal,  smelting  about  700  pounds  of 
ore  in  24  hours,  the  power  consumption  was  at  the  rate  of  1,610 
kw.  h.  per  ton  of  ore.  A  determination  of  the  power  consumption 
on  one  day  when  the  furnace  at  Nelson,  British  Columbia,  was  run- 
ning well,  in  April,  1914,  during  which  time  1.17  tons  of  ore  were 
smelted,  showed  a  consumption  of  1,436  kw.  h.  per  ton  of  ore.  The 
furnace  had  a  power  factor  of  about  75  per  cent.*® 

Peterson  smelted  50  per  cent  zinc  concentrate  in  a  furnace  having 
a  capacity  of  1  ton  per  day  with  1,100  to  1,300  kw.  h.  per  ton  of 
concentrates.®* 

Johnson  reported  on  short  runs  made  with  a  1-ton  furnace  in  1912, 
power  consumption  of  1,000  to  1,700  kw.  h.  per  ton  of  preheated 
charge  and  from  3,600  kw.  h.  per  ton  of  spelter  on  Joplin  ore  to 
9,000  kw.  h.  per  ton  of  spelter  on  low-grade  ore.*^  For  a  40-day  run 
made  in  1914  he  reported  1,490  kw.  h.  per  ton  of  charge.*®  The  ore 
used  in  this  run  contained  about  35  per  cent  zinc. 

In  Fulton's  experiments  at  East  St.  Louis,  the  power  consumption 
without  preheating  ranged  from  1,700  to  2,300  kw.  h.  per  ton  of 
ore,  excluding  the  initial  runs  with  new  furnaces  and  some  under- 
distilled  and  overdistilled  charges  (see  p.  63).  The  power  con- 
sumption with  preheated  retorts,  excluding  the  initial  run,  was  from 
1,237  to  1,811  kw.  h.  per  ton  of  ore,  the  zinc  distilled  from  the 
charge  in  every  case  being  99  per  cent  or  better.  With  the  exception 
of  the  data  given  for  Harboard's  tests  and  for  the  Cote  and  Pierron 
furnace,  the  power  for  redistilling  the  blue  powder  produced  must 
be  added  to  the  above  figures.  If  good  condensation  to  liquid 
spelter  can  be  obtained  the  treatment  of  blue  powder  will  be  a 
small  expense,  but  if  much  blue  powder  is  produced  this  expense 
may  be  considerable. 

A  conservative  estimate  for  the  total  power  requirements  of  a 
properly  constructed  furnace  of  5  or  10  tons  daily  capacity  in  con- 

•*  Flusln,  Q.,  Recent  developments  of  tlie  Gote  and  Pierron  electric  sinc^smelting  proc- 
ess :  Met.  and  Chem.  En^.,  toI.  18,  Jan.  1,  1918,  p.  17. 

**  Ingalls,  W.  B.,  Unpublished  report  to  Canadian  Department  of  Mines  on  the  electro- 
thormic  smelting  of  zinc  ores. 

«•  Peterson,  P.  E.,  The  electric  furnace  for  zinc  ameltlng :  Trans.  Am.  Electrochem.  8oc., 
vol.  24,  1913,  p.  222. 

*"  Johnson,  W.  McA.,  The  art  of  electric  zinc  smelting- :  Trans^  Am.  EIectro<^em.  Soc, 
vol.  24,  1913,  pp.  197-199. 

""  Johnson,  W.  McA.,  Tiic  commercial  aspect  of  elQctrlc  sino-lead  smelting :  Trans, 
Canadian  Mln.  Inst.,  vol.  17,  1914,  p.  122. 
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tinuous  operation  would  seem  to  be  from  3,000  to  3,500  kw.  h.  per 
ton  of  spelter  produced,  smelting  a  cold  charge,  or  from  2,500  to 
3,000  kw.  h.,with  a  preheated  charge.  It  is  not  unreasonable  to  be- 
lieve that  this  could  be  lowered  still  further  when  large-scale  opera- 
tions have  been  standardized.  Low-grade  ores  may  use  somewhat 
more  power  per  ton  of  spelter  produced  than  that  given,  but  these 
will  usually  contain  valuable  by-products  the  recovery  of  which  with 
simultaneous  extraction  of  the  zinc  will  give  an  increased  margin 
for  profit. 

COST   or   POWER. 

The  cost  of  power  varies  widely  in  different  localities  so  that 
only  very  general  statements  can  be  made  on  this  subject.  An  elec- 
trothermic  plant,  like  an  electrolytic  plant,  will  usually  be  located 
near  a  source  of  cheap  power. 

Table  6  "  gives  costs  of  electric  power  for  certain  cities  in  1916. 

Table  7  ^  gives  the  average  annual  production  cost  of  the  electric 
utilities  in  the  superpower  zone  for  1919. 

Table  6. — Electric  power  costs  in  1916, 

COST  PER   HORSEPOWER  A  YEAR,  24-HOUR   POWER,  85  PER  CENT  LOAD  FACTOR, 

6  DAYS  PER  WEEK. 


Company  or  munlcliHUity. 


Wostorn  United  Oas  &  Electric  Co.,  nilnals 

Munroo  Electric  Co. ,  Wisconsin 

Springfield  Oas  &  Electric  Co.,  Springfield,  Mo 

Cleveland  niominating  Co.,  Cleveland,  Ohio 

Edison  Electric  Illuminating  Co.,  Boston,  Mass 

Pittsburgh.  Pa 

Tti<qiTTiftn  (Argentina) 

People's  Incandescent  Light  Co.,  Meadville,  Pa 

Utah  Power  &  Light  Co 

The  United  Illuminating  Co.,  Bridgeport,  Conn 

The  EvansTllle  Public  Sendee  Co.,  Indiana 

Erie  County  Electric  Co 

United  States  Reclamation  Service;  Minidoka  project,  Idaho. 

The  Merchants  Heat  &  Light  Co.,  Indianapolis,  Ind 

Citv  of  Leeds,  Exigland 

Duluth  Edison  Electric  Co 

Detroit  Edison  Co.,  Detroit,  Mich 

Detroit  Electric  Co.,  Detroit,  Mich.,  4,700  volts 

Buffalo  General  Electric  Co.  (effective  Sept.  1, 1915) 

New  Orleans  Railway  &  Light  Co 

The  Edison  Illuminating  Co.,  Boston,  Mass. 

Indianapolis  Light  dE  Heat  Co 

New  York  Edison  Co 

Omaha  Electric  Light  Sc  Power  Co^  Omaha,  Nebr 

Texas  Power  A  Light  Co.,  Dallas,  Tex 

Pacific  Power  A  Light  Co. ^Portland,  Oreg 

Berlin  Public  Service  Co.,  Wisconsin 

The  Springfield  Gas  A  Electric  Co 

Pasadena,  Calif 

Southern  California  Edison  Co.,  Los  Angeles 

Portland  Railway,  Light  &  Power  Co.,  Portland,  Oreg 

Winnipeg 

Calgary 


500  horse- 
power. 


$72.75 

118.80 

97.00 


49.15 


67.70 
4L10 

162.00 
71.00 
54.37 
95.20 
83.36 

114.00 
46.47 
58.65 
41.8:J 

113.90 
37.45 
32.58 
59.45 
53.05 
43.55 
68.67 

101. 42 
38.74 
36.00 
75.40 

240.00 
67.50 

133.20 
46.51 
37.50 
35.66 
53.20 


1,000 
horse- 
power. 


$72.75 

118.80 

97.00 

H.T. 
36.93 

Power. 
67.30 
34.65 
16L30 
7L00 
50.05 
95.20 
82.00 


59.41 
49.28 

3L89 


30.24 
31.82 


46.51 
34.46 
32.66 
52.71 


2,000 
horse- 
power. 


$72.75 

118.80 

97.00 

U.T. 
36.93 

P(mer. 
67.00 
31.50 
161.20 
7L00 
47.89 
95.20 
81.00 


59.30 
48.37 
29.80 


29.89 
27.45 


46.51 
32.94 
31. 16 
52.47 


**  Report  of  the  Royal  Ontario  Nickel  Commission,  1017,  p\.  81. 

"f^  Murray,  W.  S.,  and  others,  A  Bui)erpower  system  for  the  region  between  Boston  and 
Washington :  U.  S.  Geological  Survey  Prof.  Paper  123,  1921,  p.  40. 
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COST  PER  HORSEPOWEB  A  YEAR,  24-HOUR  POWER,  85  PER  CENT  LOAD  FACTOR. 


Campftny  or  municipality. 


Philadelphia  D 

PhiladelpbiaE 

BoBtonD 

New  York ?.... 

Washington  E 

Minneapolis 

Baltimore  8 

Milwaukee  Std 

Clevelaod  (wholesale). 

Providence  G 

Chicago  C 

ChicagoC 

Buflalo 

Cobalt,  Ontario. 


500,  1,000, 
and  2,000 


S11&70 
9a20 
76.00 
116.00 
78.00 
60.  SO 
69.80 
63.30 
52.20 
52.20 
63.30 
57.00 
72L65 
64.74 


Table  7. — Annual  production  cost  of  electric  utilities  in  the  superpower  eone, 

1919. 


Geographical  dlvisioQ. 


Eastern  New  England. 
Western  New  England 

Mohawk 

Metropolitan 

Hudson 

Anthracite 

Southern 

Sui>crpower  zone 


Coatpe  kilowatt 
hour. 


Steam 
electric 
plants. 


ia0254 
.0207 
.0670 
.01R2 
.0375 
.0186 
.0202 

.02124 


Hydro- 
electric 
plants. 


iaoio2 

.0109 
.0109 
.0194 
•  .0147 
.0161 
•  0066 

.0094 


Cost  kilowatt  year 
effective  capacity. 


Steam 
electric 
plants. 


|6a00 
57.50 
57.26 
52.00 
6L20 
68.80 
48.20 

5130 


Hydro- 
electric 
plants. 


$31.30 
29.50 
36.70 
54.00 
3&60 
54.70 
38.10 

3170 


Twenty-four  hour  continuous  power  can  be  obtained  at  power 
centers  in  Montana,  Idaho,  Washington,  California,  Utah,  and  Colo- 
rado at  rates  varying  from  0.4  to  0.7  cent  per  kilowatt  hour.  Off- 
peak  power,  which  could  be  used  advantageously  in  an  electrothermic 
zinc  smelter,  can  be  obtained  at  somewhat  lower  rates,  in  some  cases 
as  low  as  0.25  cent  per  kilowatt  hour. 

OOMPAKISON  WITH  ELECTBOLTTIG  FBOGESS. 

A  fair  average  for  power  required  for  electrolytic  zinc  is  3,500 
kw.  h.  per  ton  of  spelter  produced.  This  is  about  the  maximum  that 
would  be  used  in  the  electrothermic  process,  and  it  seems  that  the 
latter  must  have  the  advantage  over  the  electrolytic  process  in  the 
item  of  power  cost.  Except  where  fuel  is  costly  and  power  cheap, 
this  cost  will  be  higher  than  the  fuel  item  in  retort  smelting,  but  is 
balanced  by  other  advantages. 

LABOR. 

It  is  difficult  to  estimate  with  any  degree  of  accuracy  the  labor 
required  for  the  electrothermic  process,  since  with  the  exception  of 
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the  work  in  Scandinavia  none  of  the  trials  has  ever  reached  the  stage 
where  economy  of  labor  was  possible.  It  seems  certain,  however, 
that  with  the  large  units  that  can  be  used,  the  labor  will  be  much  less 
than  for  the  retort  process  and  probably  less  than  for  the  electrolytic 
process. 

BEDUCTION  FUEL. 

The  cost  for  reduction  fuel  is  less  in  electrothermic  smelting  than 
in  retort  smelting.  Continuous  smelting  in  an  electric  furnace  per- 
mits the  use  of  only  slightly  more  than  the  theoretically  required 
carbon.  Fulton's  process  requires  a  large  amount  of  coke  in  the 
briquet,  but  the  distilled  briquets  can  be  reused  as  coke  and  finally 
sent  to  a  blast  furnace  for  the  recovery  of  the  by-product  metals, 
where  the  coke  contained  is  of  value  as- fuel  in  the  blast  furnace. 

SUPPLIES  AND  BEPATBS. 

The  large  cost  for  retorts  and  condensers  in  retort  smelting  is 
entirely  absent  when  the  electric  furnace  is  used.  Repairs  to  the 
furnace  and  accessories  should  be  no  more  than  to  the  furnace  and 
accessories  of  a  retort  plaijt.  In  the  continuous  slagging  type  of 
electric  furnace  there  is  an  expense  for  electrodes,  but  it  should  be  no 
more  than  in  many  other  weU-known  electric  furnace  processes.  Cote 
and  Pierron  report  an  electrode  consumption  in  a  small  zinc  furnace 
of  25  pounds  per  ton  of  ore  smelted  and  in  a  later  furnace  of  11 
pounds  per  ton  of  ore.  Johnson  reports  6  pounds  per  ton  of  ore, 
and  Peterson  estimated  9  pounds  per  ton.  In  the  intermittent  type 
of  furnace  there  is  very  little  expense  for  electrodes. 

METAL  BECOVE&IEa 

The  distillation  of  practically  all  the  zinc  from  an  ore  is  metal- 
lurgically  possible  in  the  electric  furnace.  In  practice,  the  extrac- 
tion is  limited  by  the  cost  of  power  for  distilling  the  last  trace  of 
zinc,  but  the  practical  limit  is  very  high.  After  the  zinc  is  distilled, 
the  losses  are  low  since  the  many  causes  of  loss,  such  as  broken 
retorts,  retort  absorption,  and  diffusion  of  zinc  vapor  through  the 
walls  of  the  retorts,  are  not  present  when  an  electric  furnace  is  used. 
None  of  the  experimental  electric  furnace  runs  have  been  long  enough 
for  obtaining  accurate  data  on  actual  final  recoveries,  but  recoveries 
of  90  to  95  per  cent  can  probably  be  obtained  in  regular  operation. 
In  addition,  most  of  the  proposed  electrothermic  processes  either 
recover  lead,  copper,  and  the  precious  metals  as  bullion  and  matte 
or  as  a  product  in  very  desirable  shape  for  blast-furnace  treatment, 
whereas  the  product  of  a  zinc  retort  is  very  undesirable  raw  material 
for  a  blast  furnace,  as  is  also  the  usual  sludge  residue  from  an 
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electrolytic  plant.  The  treatment  of  low-grade  and  complex  ores 
in  the  electric  furnace  offers  no  difficulties,  and  the  presence  of  the 
impurities  which  cause  so  much  trouble  in  retort  smelting  is  not 
detrimental.  Electric  smelting  has  the  additional  advantage  that 
since  zinc  sulphide  is  decomposed  by  iron  reduced  from  iron  oxides 
in  the  charge  a  dead  roast  is  not  necessary.  This  decomposition  of 
ZnS  by  Fe  can  not  be  utilized  in  the  retort  process  because  FeS 
formed  would  quickly  destroy  the  retorts. 

MANAGEMENT  AND  GENEBAI^  EXPENSE. 

The  charge  for  management  and  general  expense  for  a  new  elec- 
trothermic  smelting  plant,  at  the  pi^esent  stage  of  development  of 
the  process,  would  undoubtedly  be  greater  than  for  a  retort  or  elec- 
trolytic plant,  for  a  good  many  operating  details  would  have  to  be 
worked  out  before  operations  could  be  reduced  to  a  routine  basis; 
but  once  the  process  is  standardized  on  a  commercial  basis  the  cost 
of  management  should  be  no  greater  than  for  a  retort  or  electrolytic 
plant. 

FIBST  COST  OF  PLANT. 

The  cost  of  an  electrothermic  zinc  plant  will  be  less  than  for  either 
the  retort  or  electrolytic  process,  if  power  is  purchased.  If  a  power 
plant  must  be  built,  the  total  cost  will  be  more  than  for  the  retort 
smelter  but  less  than  for  an  electrolytic  plant  with  its  power  plant 

The  electrothermic  process  has  the  additional  advantage  over  the 
electrolytic  process  that  a  small  electric  smelting  plant  of  one  or 
more  10-ton  units  will  be  practicable,  whereas  the  electrolytic  process 
has  given  evidence  that  it  is  only  economical  where  a  large  tonnage 
is  to  be  treated. 

Conditions  being  equal,  the  electrothermic  process  may  be  said 
to  have  the  advantage  over  the  electrolytic  process  in  the  items  of 
power,  labor,  metal  recovery,  cost  of  roasting,  first  cost  of  plant, 
and  in  its  adaptability  to  smaller  scale  operations;  and  over  the 
retort  process  in  the  items  of  reduction  fuel,  labor,  metal  recovery, 
ability  to  treat  low-grade  and  impure  ores,  cost  of  roasting,  first  cost 
of  plant,  and  cost  of  retorts  and  condensers. 

The  electrothermic  smelter  must  be  near  cheap  power,  as  must  also 
the  electrolytic,  but  as  many  retort  smelters  are  now  some  distance 
from  their  supply  of  ore  this  is  no  great  difficulty.  Each,  of  the 
three  processes — retort,  electrolytic,  and  electrothermic — ^has  its  par- 
ticular field  and  there  are  undoubtedly  places  in  this  country  where 
the  electrothermic  process  could  be  profitably  applied. 
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FUSIBILITY  OF  ASH  FROM  COALS  OF  THE  UNITED  STATES. 


By  W.  A.  Selvig  and  A.  C.  Fieldneb. 


INTBOBTXOTION. 

Information  concerning  the  fusibility  of  coal  ash  has  become  of 
considerable  value  to  the  consumer  of  coal,  mainly  in  connection 
with  the  troublesome  formation  of  clinker  resulting  from  the  melting 
of  the  ash  constituents  of  the  burning  coaL  The  growing  interest  in 
such  data  has  led  the  Bureau  of  Mines  to  make  a  general  survey  of 
the  ''fusing''  or  ''softening"  temperatures  of  the  ash  from  coals  of 
the  United  States.  It  is  hoped  that  this  information  when  used 
together  with  the  large  number  of  coal  analyses  published  ^  by  the 
bureau  will  assist  the  consumer  of  coal  in  comparing  different  coals, 
and  in  selecting  the  coal  best  adapted  for  his  purpose. 

ACKNOWloBBOlCBNTS. 

The  laboratory  fusibility  tests  were  made  by  A.  E.  Hall,  V.  C. 
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laboratory  of  the  Bureau  of  Mines. 

SOXmCE  AND  COHPOSmON  OF  COAL  ASH. 

Coal  ash  is  the  incombustible  residue  remaining  after  the  complete 
combustion  of  coal;  it  is  derived  from  the  inorganic  mineral  con- 
stituents of  the  coal.  The  ash-forming  constituents  are  (1)  inherent 
or  intrinsic  impurities  that  are  present  in  an  intimate  mixture  with 
the  coal  substance,  and  are  derived  either  from  the  original  material 
or  from  external  sources  such  as  sedimentation  and  precipitation 
while  the  coal-forming  plant  remains  accumulated;  (2)  impurities, 
formed  either  during  the  laying  down  of  the  coal  bed  or  subsequently, 
that  occur  in  the  form  of  partings,  veins,  and  nodules  of  clay,  shale, 
"slate,"  pyrite,  and  calcite;  and  (3)  impurities  that  become  inti- 
mately mixed  with  the  coal  in  the  process  of  miniog,  such  as  fragments 
of  roof  and  floor. 

>  Lord,  N.  W.,  and  othera,  AnalyseB  of  ooab  in  the  United  States,  with  descriptioDa  of  mine  and  field 
■ampteaooOeoted  between  July  1,1IXH,  and  June  30, 1910:  Bull.  22,  Buieau  of  Mines,  1013, 1,200  pp.  (in  two 
ParU). 

FieUner,  A.  C,  and  othen,  AnalyMs  of  mine  and  oar  samples  coOeoted  in  the  flaeal  jean  mi  to  IMS: 
Bull.  86,  Borean  of  Mines,  1914, 444  pp. 

Fteldner,  A.  C,  and  others.  Analyses  of  mine  and  car  samples  colleoted  in  the  fiscal  years  1913  to  1910: 
Bidl.  123,  Burean  of  lOaes,  1917, 4M  pp. 

Pleldner,  A.  C,  and  others.  Analyses  of  mine  and  car  samples  ooUected  in  the  flaeal  yean  1910  to  1910: 
Boll.  18S,  Boraaa  of  Mtaies  (in  press). 
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Coal  ash  is  composed  largely  of  compounds  of  silica,  alumina,  lime, 
and  iron,  with  smaller  quantities  of  magnesia,  titanium,  and  alkali 
compounds.  The  chemical  composition  raries  so  widely  that  no 
typical  composition  can  be  given.  In  general  the  analyses  of  most 
coal  ash  will  probably  come  between  the  following  limits: 

Typieal  HmUt  of  ash  analyses. 


Constituent. 

Percent. 

Canstttoent. 

Percent. 

BiOi ..: 

4(V«) 

20-36 

6-26 

CtoO 

1-15 

AlfOi 

MgO 

.5-4 

Ffeiol.^^1^:;;:::::;:::::::;::::::::::;:: 

NaiO+KtO 

1-4 

This  list  of  constituents  shows  that  coal  ash  contains  relatively 
large  proportions  of  SiO,  and  Al^Og,  and  smaller  proportions  of  the 
other  oxides. 

BBLATION  BETWEEN  GHEMICAL  COQMGPOSXTIOM  AND  FUSIBUJTT 

OF  OOAL  ASH. 

The  fusibility  of  coal  ash  depends  on  several  factors,  such  as  the 
ratio  of  the  siUca  to  the  bases  present,  the  particular  bases,  and  the 
percentage  of  alumina  present.  Mixtures  extremely  high  in  silica  or 
extremely  high  in  bases  are  not  readily  fusible.  Ash  that  is  low  in 
iron  is  usually  so  highly  siliceous  that  it  is  not  readily  fusible.  Ash 
from  coals  high  in  pyrite  is  necessarily  high  in  iron,  and  the  ratio 
between  the  bases  and  silica  is  oft^n  such  that  easily  fusible  com- 
poimds  may  be  formed.  As  a  rule,  coals  containing  considerable 
sulphur  in  the  form  of  pyrite  are  apt  to  give  trouble  from  clinker 
formation.  Under  conditions  of  the  fuel  bed  the  iron  of  the  pyrite  is 
apt  to  be  converted  to  ferrous  oxide,  which  with  the  sflica  present 
forms  ferrous  silicates  that  fuse  at  comparatively  low  temperatures. 
The  chemical  analyses  of  a  series  of  five  coal  ashes  ranging  from  very 
fusible  (softening  at  2,060°  F.)  to  highly  refractory  (softening  above 
2,900'' F.)  is  as  follows: 


Chemical  analyses  qfji 

ve  coal  ashes  covering 

avnde 

r(xnge  of/usibitUy, 

Sample  No.a 

Softening 
tempera- 
ture,'F. 

Analysee  of  ash,  percentage  of— 

SiOt. 

AliOi. 

FBiOi. 

TlOa. 

CbO. 

MgO. 

Na«0. 

S«0. 

BOt. 

1 

2,000 
2,320 
2,600 
2,730 
+2,900 

9a7 

40.2 
40.7 

a.o 

88.6 

19.6 
21« 

26.8 

aa9 

80.6 

1&9 

7.7 

11.4 

ia7 

4.2 

1.1 
1.0 
1.2 
1.9 
1.8 

11.8 
lai 

4.2 
2.1 
2.0 

8.7 

1.0 
.8 
.9 
.4 

1.9 

.r 

1.6 

LO 

.7 

a6 

.8 

1.3 

.4 

.9 

12.2 

9 

6.9 

8 

2.5 

4,, 

.6 

6.. 

.9 

Sample  No.  1,  sabbitmninoos  coal,  No.  3  bed,  Montana;  No.  2.  bituminoos  ooal.  No.  6  bed,  lllinaii; 
\  bltaminoaa  coal,  Pittsbun^  bed,  Pennsylvania;  No.  4,  ■emifaitimilnous  ooal,  Pocahantas  No.  3  bed. 
Vii)|liite;No.6^UtimilBOiBeoaI,D«uibed,Kentnck7. 


SELATtOK  OF  PUSlBOilTY  TESTB  TO  CUNICEB  FOBMATION.  8 

BBIaA^TION  of  FUSIBIIiZTY  TBSTS  TO  OlilNKBB  FOBMATXON. 

It  is  well  to  bear  in  mind  that  the  conditions  of  fusibility  tests  in 
the  laboratory  may  not  be  directly  comparable  to  the  conditions  in 
the  fuel  bed  of  a  furnace.  In  a  laboratory  test  the  ash-forming  con- 
stituents are  intimately  mixed,  whereas  there  is  usually  no  such 
lUiifoma  distribution  of  the  ash-forming  constituents  in  coal  fire. 

Some  coal  ash  is  so  infusible  that  little  trouble  is  experienced  from 
the  formation  of  clinker.  Ash  that  is  slightly  more  fusible  will  often 
form  a  porous,  spongy  clinker  which  does  not  seriously  obstruct  the 
flow  of  air  through  the  fuel  bed  and  is  easily  removed.  Coal  ash 
with  a  low  fusing  temperature,  say  2,100®  F.,  not  only  melts  in  the' 
average  fire  box,  but  is  heated  several  hundred  degrees  above  its 
melting  temperature,  becoming  quite  fluid  and  spreading  out  in  a 
thin  sheet  over  the  grate,  thereby  obstructing  the  flow  of  air  aiid 
localizing  the  heat  in  the  fuel  bed. 

The  method  adopted  for  making  fusibiUty  tests  was  the  result  of 
considerable  experimental  work,'  by  the  Bureau  of  Mines  on  the 
nature  of  the  fusion  of  coal  ash  and  the  influence  of  various  oxidizing, 
reducing,  and  neutral  atmospheres  on  the  softening  temperature 
of  ash  molded  in  the  form  of  Seger  cones.  The  method  takes  into 
consideration  the  various  factors  that  influence  the  result  obtained, 
with  special  reference  to  the  atmosphere  surrounding  the  ash  during 
the  test.  The  atmosphere  in  which  the  ash  is  heated  is  controlled  by 
burning  an  excess  of  gas;  a  reducing  atmosphere  is  thus  obtained  by 
which  the  iron  in  the  ash  is  reduced  mainly  to  the  ferrous  state, 
giving  the  lowest  temperature  at  which  clinkering  may  result. 

This  change  in  the  iron  is  of  special  importance  in  testing  coals  that 
contain  a  relatively  large  proportion  of  iron  in  the  form  of  pyrite. 
Higher  softening  temperatures  may  be  expected  with  such  coals  in 
tests  using  oxidizing  atmospheres  which  would  oxidize  the  iron 
mainly  to  ferric  oxide,  or  in  tests  using  strongly  reducing  atmospheres 
which  would  reduce  the  iron  largely  to  the  metallic  state.  Under 
both  conditions  a  more  refractory  slag  is  formed  than  would  result  if 
the  atmosphere  were  such  as  to  reduce  the  iron  in  the  ash  to  ferrous 
oxide,  which,  with  the  silica  present,  would  form  readily  fusible 
silicates.  Ferric  oxide  forms  with  sihca  compounds  that  require  a 
high  temperature  for  fusion;  on  the  other  hand,  if  the  iron  is  reduced 
to  the  metallic  state,  one  of  the  most  active  fluxing  constituents  is 
removed  from  the  system  and  high-fusing  points  result. 

Analyses  of  clinkers  from  boiler  furnaces  indicated  that  fuel-bed 
conditions  favored  the  formation  of  clinkers  in  which  the  iron  was 
chiefly  in  the  ferrous  state;  consequently  the  values  obtained  in  the 

s  Fleldner,  A.  C,  Hall,  A.  E.,  and  Felld,  A.  L.,  The  fasibility  of  coal  ash  and  the  determination  of  the 
BQftening  temperature:   BuU.  129,  Bureau  of  lOnes,  m8»  140  pp. 
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laboratory  tests  are,  in  this  respect,  comparable  to  such  conditions, 
and  the  tests  give  the  lowest  temperatures  at  which  the  intimately 
mixed  ash  will  soften  with  the  formation  of  clinker. 

GAS   FXTHNACB  ICBTHOD    FOB   DBTBBMINATION  OF  FUSIBIUTY 

OF  COAL  ASH. 

FURNACE. 

The  No.  3  melter's  furnace  of  the  American  Gas  Furnace  Co.  was 
used  in  the  tests.  This  furnace  is  a  type  of  pot  furnace  especially 
suitable  for  fusion  determination,  as  the  three  burners  arranged  on 
a  tangent  near  the  base  of  the  furnace  produce  a  rotary  flame  that 
completely  surrounds  the  crucible  in  which  the  cones  are  placed. 
The  whirling  flame  heats  the  crucible  uniformly,  and  when  an  excess 
of  gas  is  used,  a  reducing  atmosphere  is  maintained  within  the 
crucible,  giving  the  lowest  point  at  which  the  ash  fuses.  The  air  is 
supplied  at  an  approximate  pressure  of  3  pounds  per  square  inch, 
and  the  gas  used  may  be  either  natural  or  artificial. 

The  furnace  proper  consists  of  three  easily  replaceable  parts  of 
fire  clay,  namely,  a  lower  cylinder  containing  the  three  tangential 
tuyeres  and  forming  the  bottom  of  the  furnace;  a  removable  upper 
cylinder  7  inches  in  internal  diameter  and  7  inches  high;  and  a 
cover  plate  1^  inches  thick  having  a  vent  hole  in  the  center  for  the 
flue  gas. 

The  stock  design  was  modified  by  providing  the  upper  cylinder 
with  two  holes  in  the  side ;  one  was  a  2*inch  observation  hole  with 
its  center  4  inches  from  the  top  of  the  cylinder  (excluding  the 
cover  plate)  and  the  other  was  a  1-inch  thermocouple  hole  00^  to 
the  right  of  the  observation  hole.  The  bottoms  of  these  two  holes 
were  in  the  same  horizontal  plane.  The  interior  of  the  furnace  is 
cylindrical  and  approximately  7  inches  in  diameter  and  11  inches 
high.  A  counterbalanced  sheet-iron  canopy  is  connected  with 
a  telescopic  8-inch  flue  to  an  exhaust  system  for  conducting  the 
hot  gases  out  of  the  room.  Two  melter's  No*  3  furnaces  and  acces- 
sories are  shown  in  Plate  I. 

The  joint  between  the  upper  and  lower  cylinder  is  made  fairly 
gas-tight  by  spreading  on  the  top  of  the  lower  cyUnder  a  thick  paste 
of  alundum  cement  to  a  depth  of  one-half  inch  and  then  firmly  press- 
ing the  upper  cylinder  into  place.  The  outer  part  of  the  joint  is 
also  smoothed  over  with  alundum  cement.  The  fire-clay  cylinders 
and  cover  will  withstand  a  temperature  of  about  1,650®  C. 

REFRACTORY    CRUCIBLES. 

The  interior  of  the  furnace  as  arranged  for  making  a  test  is  shown 
in  figure  1.  The  ash  cones  a  are  supported  on  a  plate  of  alundum 
cement  serving  as  a  cover  for  the  crucible,  h,  which  is  a  Denver  fire- 
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clay  hard-bumed  crucible,  No.  E,  4  inches  high  and  3  inches  in 
diameter  at  the  top.  An  alundum  tube  of  the  proper  height  may  be 
used  in  place  of  crucible  6.  Crucible  d  is  a  Denver  fire-clay  hard- 
bumed  crucible,  No.  K,  7i  inches  high  and  4f  inches  in  diameter  at 
the  top;  it  has  observation  and  thermocouple  holes  corresponding 
to  those  in  the  furnace  cylinder,  and  it  rests  on  a  fire-clay  support. 
The  thermo  element  is  protected  by  a  glazed  Marquadt  porcelain 
tube,  e,  one-fourth  inch  in  diameter.  A  fused  silica  tube,  1 J  inches 
in  external  diameter  and  6  inches  long,  is  placed  in  the  observation 
hole  of  the  furnace,  the  inner  end  being  flush  with  the  inside  furnace 
wall  and  the  other  end  projecting  from  the  furnace.  This  crucible 
should  be  provided  with  two  holes  in  the  side,  an  observation  hole 
2  inches  in  diameter  with 
its  center  2  inches  from  the 
top  of  the  crucible  and  a 
thermocouple  hole  1  inch 
in  diameter,  90®  to  the  right 
of  the  observation  hole. 
The  bottom  of  this  hole 
should  be  in  the  same  hori- 
zontal plane  as  the  bottom 
of  the  observation  hole. 
The  hard-bumed  fire-clay 
cmcibles  will  not  withstand 
a  temperature  exceeding 
1,500°  C.  The  average  life 
of  a  fire-clay  crucible  under 
these  conditions  is  about 
six  runs. 

Corundite  crucibles  and 
covers  made  by  the  Massil- 
Ion  Stone  &  Fire  Brick  Co. 

are  longer  Uved  than  the  ^^^^^  l.— section  of  No.  S  melter's  famace  arranged  for 
/>         1  ^^  .11  1     .  fusion  teste. 

tire-ciay    crucibles,    bemg 

good  for  about  50  runs  to  temperatures  not  exceeding  1,500®  C.  A 
special  form  used  by  the  Bureau  of  Mines  Ls  3  inches  inside  diameter,  4^ 
inches  high  outside,  with  a  wall  about  one-fourth  inch  thick.  The 
crucibles  should  be  provided  with  two  holes  in  the  side — an  observation 
hole  2  inches  in  diameter  with  its  center  1}  inches  above  the  bottom 
of  the  crucible,  and  a  thermocouple  hole  1  inch  in  diameter,  90°  to  the 
right  of  the  observation  hole.  The  bottom  of  this  hole  should  be  in 
the  same  horizontal  plane  as  the  bottom  of  the  observation  hole. 

Recent  tests  with  Zirkite  crucibles  of  the  Foote  Mineral  Co.  show 
that  they  are  longer  lived  than  the  fire-clay  crucibles.  A  stock  Zir- 
kite crucible  was  ased  for  70  runs  before  failure,  the  temperatures 
being  carried  up  to  1,500®  C- 
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OBSEBVATION   TUBE. 

A  fused  silica,  refractory  porcelain,  or  alimdum  tube,  1}  inches  in 
external  diameter  and  6  inches  long,  is  placed  in  the  2-inch  observa- 
tion hole  of  the  furnace,  the  inner  end  being  flush  with  the  inside  fur- 
nace wall  and  the  other  end  projecting  out  of  the  furnace.  A  brass 
sleeve  carrying  a  thin  cleai*  glass  window  is  sUpped  on  the  outer  end  of 
the  observation  tube  to  prevent  the  escape  of  burning  gas,  which 
would  hinder  convenient  observation  of  the  cones.  When  observa- 
tions at  high  temperatures  are  made  the  cones  are  viewed  through  a 
piece  of  colored  glass,  such  as  Coming  No.  6  shade.  Noviweld. 

BLOWING   TUBE. 

At  furnace  temperatures  above  1,000°  C.  observation  of  the  ash 
cones  is  difficult.  A  Marquadt,  Usalite,  Impervite,  or  equal  quality 
porcelain  blowing  tube  one-fourth  inch  in  diameter  is  inserted  through 
the  same  hole  as  the  thermocouple  tube.  This  tube  has  small  per- 
forations along  one  side  by  which  air  may  be  forced  upon  the  cones 
at  the  time  of  making  the  observation,  thus  momentarily  cooling  the 
ash  cones  and  rendering  them  visible.  The  blowing  tube  is  connected 
to  the  compressed-air  line  by  means  of  rubber  tubing,  and  the  air  is 
let  into  the  tube  at  the  time  of  observation  by  means  of  a  pinchcock. 

CONE   MOLD. 

Figure  2  shows  a  brass  cone  mold  for  making  ash  cones^  thi^e- 
f ourths  inch  high  and  one-fourth  inch  at  each  side  of  the  base,  which 
is  an  equilateral  triangle. 

PYROMETER. 

Temperature  measurements  may  be  made  with  a  thermocouple  of 
platinimi  and  platinum-rhodium,  protected  from  the  furnace  gases  by 
a  glazed  Marquadt,  Usalite,  Impervite,  or  equal  quality  porcelain 
tube  and  a  high  resistance  mill i voltmeter;  or  with  an  optibal  pyrometer 
preferably  of  the  Leeds  &  Northrup  or  Wanner  type.  This  equip- 
ment should  be  checked  frequently  by  mounting  pieces  of  pure  gold 
and  nickel  in  the  same  manner  as  the  cones.  With  a  strong  reducing 
atmosphere  1,452^  C.  should  be  obtained  for  the  melting  point  of 
nickel  and  1,063®  C.  for  the  gold.  The  pyrometer  equipment  should 
also  be  standardized  from  time  to  time  through  the  temperature  range 
for  which  it  is  used  by  a  suitably  equipped  standardizing  laboratory, 
such  as  that  of  the  United  States  Bureau  of  Standards. 

PREPARATION   OF  COAL  ASH. 

Spread  out  50  to  100  grains  of  60-mesh  coal  on  a  5-inch  firo-clay 
roasting  dish,  and  completely  convert  it  to  ash  in  a  muffle  furnace  at 
a  temperature  of  800®  to  900®  C.    Transfer  5  to  10  grams  of  this  ash 
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to  an  agate  mortar  and  grind  to  a  fineness  of  200-mesh.  A  mechan- 
ical agate-mortar  grinder  will  save  time  where  many  determinations 
are  made.  Place  the  finely  grotmd  ash  in  a  silica  or  porcelain  cap- 
sule, about  five-eighths  of  an  inch  deep  and  1|  inches  in  diameter, 
and  ignite  for  two  hours  in  a  current  of  oxygen,  at  a  temperature  of 
800^  to  850°  C.  The  purpose  of  this  ignition  is  to  insure  complete 
and  xmiform  oxidation  of  the  ash. 


PBEPASATIOX  OF  THE   CONES. 

Moisten  the  ignited  ash  with  a  10  per  cent  dextrin  solution,  con- 
taining a  small  amotmt  of  sahcyUc  acid  as  a  preservative,  and  work 
into  a  plastic  mass  with  a  spatula.  Mold  the  plastic  material  into 
small  triangular  pyramids  three-fourths  of  an  inch  high  and  one- 
fourth  inch  wide  at  each  side  of  the  base.  The  pyramids  are  made 
by  firmly  pressing  the  plastic  material  with  a  steel  spatula  into  a 
brass  mold  of  the  dimensions  mentioned,  the  mold  being  similar  to 
that  shown  in  figure  2.    Strike  off  the  surface  smooth  and  remove 

the  cone  from  the  mcid  by    ^^ 

applying  a  small  knife  blade    f  i     |\*<^ 

at  the  base.    Moimt  the  cones    ^  ^*  ^"^  ^^ 

when  dry  in  a  refractory  base 
composed  of  a  mixture  of 
equal  parts  of  kaolin  and  cal- 
cined alumina.  Moisten  the 
base  mixture  to  make  it  work- 
able, and  spread  a  part  of  it 
out  on  a  sheet-iron  plate. 
Then  moimt  the  cone  in  a 
vertical  position  in  a  small 
hole  made  in  the  base,  and  put  a  little  of  the  base  material  into  the 
hole  aroimd  the  bottom  of  the  cone  to  fill  the  crevices  and  to  make 
the  cone  stand  firmly.  Usually  five  cones  are  mounted  on  one  base 
in  the  manner  shown  in  Plate  II,  ^ .  Dry  the  sheet-iron  plate  with  the 
test  piece  on  a  hot  plate,  then  ignite  the  cones  at  a  dull  red  heat  for 
30  minutes  in  an  open  niuffle  to  remove  carbonaceous  material. 

METHOD   OF  HEATING. 

Put  the  test  piece  in  the  mufBe  furnace  in  the  position  shown  in 
figure  1,  place  the  loosely  fitting  cover  c  on  the  crucible,  and  ignite 
the  gas.  It  is  necessary  to  let  the  gas  bum  about  10  minutes  to  heat 
the  furnace  parts  before  the  large  cover  plate  of  the  furnace  is  re- 
placed; otherwise  the  flame  is  apt  to  blow  out.  After  the  cover 
plate  of  the  furnace  has  been  put  in  position,  the  flow  of  gas  and  air 
is  increased  enough  to  cause  combustion  to  take  place  just  above  the 
tuyeres  and  yet  maintain  a  yellowish  flame  at  least  6  inches  above 
the  opening  in  the  furnace  cover  plate.     While  such  a  flame  is  main- 
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tained  above  the  fiimaoe,  gradually  increase  the  temperature  by  a 
suitable  adjustment  of  gas  and  air  to  800^  C,  then  reduce  the  rate 


Figure  3.— Vertical  longitadinal  section  througli  molybdemna  fonnoa. 

of  heat  increase  to  not  less  than  5^  C.  and  not  more  than  10^  C.  per 
minute.    Maintain  this  rate  until  the  end  of  the  test. 


^mm 
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It  is  important  that  the  6-iiich  reducing  flame  be  maintained  at  the 
furnace  vent  throughout  the  test,  if  poasiblei  and  at  all  events  up  to 
a  temperature  of  1,450^  C  Temperatures  above  1,450^  C.  require 
lai^er  piop<Mrtk>ns  of  air  to  gas;  however,  a  strongly  reducing  at- 
mosphere 18  not  so  essential  at  the  higher  temperatures,  because  re- 
fractory ashes,  on  account  of  their  low  iron-oxide  content,  are  only 
sUghtly  affected  by  oxidizing  or  reducing  atmospheres.  After  a  test 
has  been  completed,  turn  the  supply  of  gas  and  air  off  gradually  to 
avoid  cracking  the  muffle  crucible. 

The  8(rftening  temperature  is  defined  as  the  tranperature  at  which 
the  cone  has  fused  down  to  a  spherical  lump,  as  shown  in  cones  2 
and  3  of  Plate  11,  B.  Cone  4  has  almost  reached  the  softening  tem- 
perature, f 

Critical  points  other  than  the  softening  temperature  may  be  ob- 
served during  the  test  and  may  be  of  value.    They  are  as  follows: 

The  initial  deformation  temperature — ^the  temperature  at  which  the 
first  rounding  or  bending  of  the  apex  of  the  cone  takes  place,  as 
shown  in  cone  1  of  Plate  II,  B.  Such  bending  must  not  be  confused 
with  a  shrinking  or  warping  of  the  cone. 

The  fiuid  temperctture — the  temperature  at  which  the  cone  has 
spread  over  the  base  in  a  flat  layer,  as  represented  by  cone  5  of 
Plate  II,  B. 

The  permissible  differences  of  the  softening  temperature  point  in 
dupUcate  determinations  are  as  follows:  Same  analyst,  30°  C;  dif- 
ferent analysts,  60°  C. 

MOLYBDBITOK-WIBB  BBSISTAXTCB  FUBKAGB. 

Owing  to  the  short  life  of  the  refractory  crucibles  used  when  heated 
to  temperatures  higher  than  1,500°  C,  ashes  that  did  not  fuse  at  1,600° 
C.  were  heated  in  a  molybdenum-wire  resistance  furnace  '  in  an 
atmosphere  of  hydrogen  gas  to  a  temperature  of  1,660°  C.  A  ver- 
tical longitudinal  section  of  the  molybdenum-wire  resistance  furnace 
is  shown  in  figure  3.  Hydrogen  gas  is  used  in  this  type  of  furnace  to 
prevent  oxidation  of  the  molybdenum  resistance  wire.  Ashes  softening 
above  1,600°  C.  have  as  a  rule  such  a  low  iron  contient  that  the  natiu^ 
of  the  atmosphere  surrounding  the  ash  cones  during  the  test  has 
little  influence  on  the  fusibility. 

IBTBBPBSTATIOK  OF  TBE  FUSIBIUTY  TABIB. 

With  the  exception  of  a  few  car  samples  of  coal,  the  samples  listed 
Are  all  standard  mine  samples  collected  by  representatives  of  the 
Bureau  of  Mines,  the  United  States  Geological  Survey,  or  by  various 

State  geol<^cal  surveys,  according  to  methods  used  by  the  Bureau  of 

^^^^— ^— ^^»^»»^»— ^^j— ^.1^1— ^-.^^— ^^p— »»^— ^— ^— ^^— »-^.^.^^»^.^— ^— ^— .^^p^.^^.— ^^— ^  ■■   ■  1     ■» -  i  I 

*  Fieldncr,  A.  C,  Hall,  A.  E.,  and  Feild,  A.  L.,  The  fasihility  of  ooal  aah  and  the  detenninatiaii  of  the 
"''ttthigtemperatare:  Bareaa  of  Mines,  Bull.  139,  IM^i  pp.  74-79. 
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Mines.*  The  car  samples  were  collected  by  representatives  of  the 
Bureau  of  Mines  according  to  standard  methods.*  Car  samples  are 
designated  as  such  in  the  table  under  the  name  of  the  mine. 

The  arrangement  of  the  samples  in  Table  I  is  alphabetic^  accord- 
ing to  State,  county,  town,  mine,  and  coal  bed.  The  laboratory 
numbers  of  the  samples  collected  from  each  mine  are  given;  by 
means  of  these  ntmibers  the  chemical  analysis  and  the  description 
of  the  samples  can  be  obtained  by  reference  to  bulletins  of  the 
Bureau  of  Mines.     (See  footnote,  p.  1.) 

In  classifying  the  coals  according  to  rank  the  usage  of  the  United 
States  Geological  Survey  *  has  been  followed.  In  order  to  attain 
brevity,  this  rank  is  abbreviated.  Thus,  A  signifies  anthracite; 
S.  A.,  semianthracite;  S.  B.,  semibituminous;  B,  bituminous;  Sb.  B., 
subbituminous;  L.,  lignite;  and  N.  C,  natural  coke. 

The  number  of  samples,  the  lowest,  highest,  and  average  softening 
temperatures  in  degrees  Farenheit,  and  the  percentage  of  ash  and 
sulphur  in  the  dry  coal  are  tabulated  for  each  mine.  Samples  re- 
maining imfused  at  3,010^  F.,  which  was  the  highest  temperature 
attained  in  the  tests,  are  marked  by  plus  3,010  (  +  3,010)  and  used 
as  such  in  figuring  the  average  values  for  the  mine. 

DISCUSSION  OF  FUSIBILITY  VALUES. 
CLASSES  OF  FUSIBILITY. 

In  general,  the  softening  temperature  of  coal  ash  from  the  coals 
of  the  United  States  ranges  from  1,900®  to  3,100®  F.  For  convenience 
in  discussion,  the  order  of  fusibility  of  ash  may  be  expressed  by 
subdividing  this  range  of  softening  temperature  into  three  groups,  as 
follows : 

Class  1,  refractory  ashes,  softening  above  2,600®  F. 

Class  2,  ashes  of  medium  fusibility,  softening  between  2,200®  and 
2,600®  F. 

Class  3,  easily  fusible  ashes,  softening  below  2,200®  F. 

EASTERN  0OAL8. 

The  coals  of  Ohio  which  were  tested  gave  ash  of  meditun  fusibility, 
mainly  in  class  2. 

The  bituminous  and  semibituminous  coals  of  Pennsylvania  that 
were  tested  gave  refractory  class  1  ash  and  medium  fusible  dass  2 
ash,  chiefly  the  latter.  Only  a  small  number  of  coals  from  the 
Pennsylvania  anthracite  region  were  tested;  these  gave  refractory 
ash  in  class  1. 

*  Bbtmm,  J.  A.,  The  auapling  of  ooal  In  the  mine;  Tecih.  iHqper  1,  Barera  of  lOncs,  1911, 18  pp. 

*  Pope,  O.  8.,  Directions  for  BsmpUng  ooal  for  shipment  or  delivery:  Tech.  Paper  133,  Bnreaa  of  Mines, 
1817, 16  pp. 

*  Campbellt  M.  B.,  Tlie  ooal  fields  of  the  United  States:  U.  6.  QBbkgfitaX  Sonpqr  Pnl  Fi^Mr  100-A, 
1017,  pp. 
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The  West  Virginia  coals  represent  all  three  classes  of  ftisibility. 
The  semibituminous  coals  of  West  Virginia  come  principally  in  class 
1  and  class  2.  Some  very  refractory  class  1  coals  are  found  in  the 
Beckley  bed  in  Baleigh  County. 

Many  of  the  coals  of  Maryland  that  were  tested  gave  a  refractory 
ash  coming  in  class  1  or  in  the  upper  part  of  class  2. 

The  softening  temperature  of  the  ash  from  coals  of  eastern  Ken- 
tucky and  of  Virginia  cover  a  wide  range  of  fusibility  from  readily 
fusible  ash,  class  3,  to  refractory  ash,  class  1. 

The  coals  tested  from  Tennessee  and  Alabama  come  mainly  in 
class  2,  having  ash  of  medium  fusibiUty,  but  both  class  1  and  class  3 
are  represented. 

COALS  OF  THE  INTERIOR  PROVINCE. 

Coals  from  Illinois,  Indiana,  western  Kentucky,  Kansas,  Missouri, 
Oklahoma,  and  Arkansas  are  represented  in  Table  I.  The  soften- 
ing temperature  of  the  ash^rom  these  coals  is  uniformly  low,  prac- 
tically all  of  the  coals  tested  coming  in  class  3.  The  uniformly  low 
softening  temperature  of  the  ash  is  imquestionably  due  to  the  rather 
general  distribution  of  pyrite,  calcite,  and  frequently  gypsum  in 
the  coal  beds.  Usually  the  percentage  of  iron  and  lime  in  the  ash 
is  high,  and  in  general  mines  producing  coal  lower  in  sulphur  than 
the  average  for  the  bed  also  produced  coal  having  ash  of  higher 
fusibility  than  the  average  for  the  bed. 

As  may  be  expected,  samples  from  the  same  mine  do  not  show 
ash  of  uniform  fusibility  because  the  composition  of  the  ash-forming 
constituents  included  in  the  samples  differ.  This  variation  of 
fusibility  of  samples  of  coal  from  the  same  mine  in  the  interior 
province  is  not  large,  averaging  but  140^  P.  for  the  mines  repre- 
sented in  the  table.  In  only  a  few  instances  is  the  difference  be- 
tween the  lowest  and  highest  softening  temperatures  of  a  number  of 
samples  from  the  same  mine  more  than  300°  F.  The  majority  of 
mines  gave  samples  coming  within  the  average  difference  of  140°  F. 
between  the  lowest  and  highest  values. 

WESTERN  COALS. 

A  great  variety  of  coal  is  f oirnd  in  the  West,  ranging  from  lignite 
to  anthracite.  In  the  table  are  listed  coals  from  Alaska,  California, 
Colorado,  Idaho,  Montana,  Nevada,  New  Mexico,  North  Dakota, 
Utah,  Washington,  and  Wyoming. 

Most  of  the  samples  of  Alaska  coal  listed  were  taken  from  out- 
crops or  prospects,  and  range  from  refractory  class  1  ash  to  ash  of 
medium  fusibility  of  class  2. 

The  coals  from  Washington  show  all  three  classes  of  fusibility. 
The  majority  of  the  samples,  however,  come  in  class  1  and  class  2. 
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These  coals  have  a  high  ash  content,  but  in  many  the  ash  is  refractory. 
Oregon  and  California  contain  little  coal. 

The  coals  tested  from  Colorado  and  New  Mexico  range  from  re- 
fractory class  1  ash  to  easily  fusible  dass  3  ash,  the  majority  of  the 
samples  tested  coming  in  dass  1  and  dass  2. 

Many  of  the  coals  from  Utah  showed  ash  of  comparativdy  low 
fusibility,  in  the  upper  part  of  class  3;  a  considerable  number  of 
samples  gave  ash  of  medium  fusibility,  in  dass  2.  A  few  samples 
gave  refractory  class  1  ash. 

Idaho  and  Nevada  are  of  no  commercial  importance  as  coal  pro- 
ducers, for  only  a  little  coal  is  found  in  these  States. 

The  lignites  tested,  from  North  Dakota,  South  Dakota^  and 
Montana,  have  ash  of  rather  low  fusibility,  the  majority  of  the 
samples  coming  in  class  3  or  the  lower  part  of  class  2. 

The  subbituminous  coals  tested  from  Montana  and  Wyoming  also 
gave  ash  of  rather  low  fusibility,  most  of  the  samples  coming  in 
class  3  and  the  lower  part  of  dass  2. 

Most  of  the  lignites  and  subbituminous  coals  listed  in  the  table 
have  a  fairly  low  sulphur  content,  consequently  the  low  mdting 
points  of  the  ash  from  these  fuels  can  not  be  attributed  to  the  presence 
of  large  amounts  of  iron  in  the  form  of  pyiite,  but  rather  to  the 
presence  of  other  mineral  constituents  in  tlie  proper  proportion  to 
form  readily  fusible  mixtures. 

FCTSZBrLirT  OF  CX>AIi  ASH  FROM  HINB  AND  FBOM  CAB  SAMPXBa 

In  collecting  mine  samples  of  coal  the  Bureau  of  Mines  endeavors  to 
have  the  samples  represent  as  nearly  as  possible  the  coal  that  is  pro- 
duced commercially;  car  samples  as  a  rule,  however,  have  a  higher 
ash  content  than  mine  samples  from  the  same  mine  because  of  im- 
purities  that  become  mixed  with  the  coal  in  mining.  Theoreti- 
cally the  extraneous  impurities  that  are  induded  in  the  coal  as 
mined  may  either  lower  or  xaise  the  fusibility  of  the  coal  ash.  If 
these  impurities  consist  of  substances  such  as  pyrite,  the  ash  of  the 
coal  mined  would  probably  be  more  fusible  than  the  ash  of  the  mine 
samples;  on  the  other  hand,  an  addition  of  shale  may  make  the  ash 
more  refractory,  especially  in  coals  having  ash  of  rather  low  fusibility. 

Table  II  lists  all  mines  from  which  both  mine  and  car  samples  have 
been  collected,  and  gives  the  ash  fusibility  of  mine  and  car  samples 
from  the  same  mine.  A  study  of  this  table  is  of  interest  in  connection 
with  the  variation  of  ash  fusibility  of  mine  and  car  samples.  If  the 
difference  between  the  softening  temperatures  of  coal  ash  from  mine 
and  car  samples  does  not  exceed  100^  F.,  it  may  be  considered  that 
the  degree  of  fusibility  is  substantially  the  same.  Data  in  Table  II 
have  been  summarized  below  to  show  the  number  of  mines  from 
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which  the  fusibility  of  ash  of  mine  and  car  samples  were  substantially 
the  same;  that  is,  within  100^  F.  The  number  of  mines  from  which 
the  ash  of  the  car  samples  was  more  refractory  and  the  number  of 
mines  from  which  the  ash  from  the  mine  samples  was  more  refractory 
is  as  follows: 


Summary  of  Table  II  comparing  funbUily  of  ask  from  mine  and  car  samples. 
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FUSIBILiry  OF  ASH  FROM  COALS  OF  UNITED  STATES. 


1 

OQ 


8$ 

coco 


CO 
CO 


o 


3!e 

toco 


3 

Q 


8;: 


«0 

cS 


■oc« 

CO"* 


^-e* 


»-e«9 


I 


c 

a 

OQ 


I 

i4 


04  04 


M 


S! 


CIM 


O 


18 


MM 


M 


s 


M 


«•-• 


9 


O 


i 


04 


8 


o 


i 


04 


ss 


M 


»*o« 


o 


1    8 

I  i 


m 


04  04 


0«t-i 


CO 


09 


6 

I 

3 


I 


i- 


2SR 


PQm 


nn 


PQ 


o 
525 


oj 

o 


I 

» 

o    • 

{25  : 


€ 


& 


o 


li 


§ 
J 


QQOQ 


« 


o 


o 
I 


s 


o 


8 


8 


'8 


8 


8    la 


S 


IS 


e< 


n 


nn 


o 

9; 


o 


4 


I 


1 


5 


3; 

5 


•o£>  ai   J    '^   3 


*  i 


8 


Il$n>IANA. 


25 


8  R3      s      s^;2:sss 


8   38^ 

e4    pApA^ 


«4         ^«4 


S8S 

^0$ 


d  Sri       d       ^ssISS^'^       <<SridS  Sd«s       ri  <*^^ 


&     9S     as 


§  §§      §      !§§§§§      §§§§§  S§! 


oT    e^ef  eC 


MctMc^etei 


e«e«e4oe4     c«^eC 


§      §§      §i 

M  e«e«  MCI 


§  §g 


e« 


e«e« 


;§§      S§§§§ 


www 


prrffefefe*- 


w 


er         WW  WW 


U  §§ 


§1 


l§§        III 


WW«-I 


«^     ^     ^      a^      Mh 

iHiMi-iWW 


ww^ 


§     §! 


W  WW  WW 


00      <4<>0 


w 


coeovHCOWf- 


«^^eiOao     i-«^( 


fH     ^koeo 


CO  '^•M  we 


8 


CO 


2  . 


PQ    PQ(Q 


nPQPQSPQA 


•  «  • 


cQAAAA  nnn 


A    nCQCQ 


nn      nn 


oo 
•d-o 


o 


o 


■  ••••• 

■  ••••• 


I 


O  O  - 

h-wio«S'd 

•     • 

oo 


OOP 


o  o 


o     o 


o 

2 


o 
Z 


o 
Z 


«o«i 


M^Oft 


O  O  O 

52:5z;S5 
OoqOOO 


MdQhOQ 


O 


I 


§ 


Seo: 

ill 

III 


^ 


9 

•a 
9 

n 

8 


w 

w  d 

d»5 


n 

i 


o 
d 


i 


a§ 


8 


a 


8 


t:  I 


o 


8 


t 


"   §1  B 


oo 


8 
I 


OO  o 


Z 

5 


1^   8 


I 


H 


n 


"^ 


P  § 


8 


AA 


26 


FTTSIBILITT  OF  ASH  FBOM  COALS  OF  TTKIXED  STATES. 


1^ 

hi 


I'SS 


OQ 


8         S;99    S39 


9         983    5i3S3 


!S         9S8S8         S8SS 


1 


69 


O 
OQ 


§     §§s  §: 


e« 


e«e4ci     e«e«e« 


§    .psi     §ii     § 

or  t-rdoTcf  ef « «  « 


§gi  i§§      § 


04 


«  eCcC    eCn  e« 


oT  ^"<>re«"    e«^dcr 


§     iiii 


M 


v-ie«o<-i 


MC* 


H 

Ml 

n 
-^ 


5   i 

li 


g 


I 


M 


eO'<«*Ok     coioco 


m 


«^^^ 


S9 


nn^ 


CO 


?!g 


C4coe 


n 


■  •   •       •  •  • 

MAP)    AAA 


•  •  «  t 
(QAAPQ 


o 
S5 


.    .  O       Oil 
•     •     •  •     •     • 

o  o   •       •  o  o 


3 
I 


r2 

fit 


o 


o 

•      •      • 

o  o  o 


d  d  o* 

CB  09  C9 


6 


eo 
.o* 


^ 


ST, 


8 

I 


^ 


^ 


8 

5 


d 

I 


S  ' 
«s  o 


o«o     §8 


o 
u 

I 


iHCO* 


3 


Ann 


« 

{  cbK) 
:£  o  o 


o 
55 


a 


6 


OQ 


5 


g  li 


Iiii 


0*J         ^    H 


I    J  si  i     iJs      ,l-:-:-|rf-ll-;wl    5    I 


!■   S  Is  I     fcS     sS-sJSiSJSsI;   I    !■ 


-TTTTTTTTTTTrr- 

ilMM!;MM! 


nnnnariannnanpi       a       a 


11 


n 


i 


m 


TTTTTTTTTTT 
i  i  i :     M  M 


mmm 


\K 


28 
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FUSIBILITY  OF  ASH  FBOIC  COALS  OF  UNITED   STAXKS. 
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FUSIBILITY  OF  ASH  FBOIC  COALS  OF  TTimTED  STATES. 
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FUSIBILITY  OF  ASH  FROM  COALS  OF  UNITED  STATES. 
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Carter  bed  (Oreg.) 45 

Carthage,  N.  Mex 40 

Carthage  bed  (N.  Mex.) 40 

Caryvllle,  Tenn 54 

(^aryville  mine  (Tenn.) 54 

Casper,  Wyo <3 

Ca^)er  mine  (Utah) 61 

Caq>er  prospect  (Wya) S3 
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Cass  mJne  (Colo.) 70 

CassidyNo.  l,mlne(Pa.) 49 

Castle  Rock  bed  (Tenn.) 57 

Castle  Rock  mine  (Tenn.) 67 

Castlegate,  Utah 60 

Castlegate  bed  (Utah) 60,61 

Castlegate  No.  1  mine  (Utah) 60 

Castlegate  No.  2  mine  (Utah) 60 

Catale,  OUa 45 

Catale  No.  1  mine  (Okla.) 45 

Catherine  mine  (W.  Va.) 70 

mine  and  car  samples 86 

Catoosa,  Tenn 67 

Catoosa  bed  (Tenn.) 67 

Catoosa  mine  (Tenn.) 68 

Catoesa  No.  1  mine  (Tenn.) 67 

Catsbvrgmine(Pa) 63 

Cayton^Va. 68 

Cedar  Grove  bed  (W.  Va.) 71,75 

Central  City,  Ky 29 

Central  mine  (Kans.) 27 

Central  mine  (Ky.) 29 

Central  No.  6  mine  (Ark.) 17 

CentralNo.  10mine(Ark.) 17 

CentralNo.  61mine(Mo.) 34 

Central  West  mine  (W.  Va.) 73 

Centralia,  Wash 67 

Cepecc,  W.  Va 77 

Cepeoe  No.  1  mine  (W.  Va.) 78 

Chaffee,  Md 31 

Chaffee  mine  (Md.) 31 

Chandler,  CSolo 19 

Chandler  mine  ((^lo.) 19 

Chandler  bed  (Colo.) 19 

Charley's  Branch  mine  (Tenn.) 63 

Chaska,  Tenn 64 

Chaska  mine  (Tenn.) 64 

Chataroy,  W.  Va 76 

Chchalis,  Wash 67 

Cbehalis  mine  (Wash.) 67 

Chenoa,  Ky 27 

Chenoa  Hignite  mine  (Ky.) 27 

Chergo  mine  (Colo.) 22 

Cherokee  bed  ( Kans.) 27 

Cherokee  bed  (Mo.) 33 

Cherokee  mine  ( Pa. ) 61 

Cherry,  111 23 

Cherry  No.  2  mine  (111.) 23 

Chester,  W.Va , 71 

Chickaloon  mine  (Alaska) 16 

(nUckaloon  River  (Alaska) 16 

Chioora,  Pa 47 

Chlefton,  W.  Va 74 

Chiahohnmine(Md.) 32 

Christian  mine  (Va.) 64 

Christiansburg,  Va 63 

Christmas  Siding,  Tenn 57 

Christopher,  ni 23 

(3iurch  mil,  Pa 48 

Church  Hill  mine  (Pa.) 48 

Ciiidonatlmine(Pa.) 63 

Cinder  Batte  ndne  (Colo.) 20 

Cim]8No.2mine(W.Va.) 72 

City  No.  1  mine  (W.Va.) 77 

mine  and  car  samples 87 

City  No.  2  mine  (W.Va.) 77 
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Clagette  mine  (W.  Va.) 81 

Clairfleld,  Tenn 56 

Clallam,  Wash 66 

Claremore,  Okla 45 

Clarence,  Pa 48 

Clarion  bed  (Md.) 31 

Clarion  bed  (Pa.) 47 

Clarion  River  mine  (Pa.) 48 

Clark  bed  (Ala.) 14 

Clark  No.  2  mine  (Va.) 65 

Clay,  Ky 30 

Clay  No.  1  mine  (Tenn.) iO 

Claytonia,  Pa 47 

Clearfield,  Pa 40 

Clear  Fork  mine  (Tenn.) 56 

Cleaton,  Ky 29 

Clements  Hollow  mine  ( Va. ) 63 

Clements  prospect  (Tenn.) 67 

Clermont,  Pa 61 

Clermont  mine  (Pa.) 61 

Cletus  mine  ( W.  Va.) 72 

Cleveland,  Mont 86 

Cleveland  mine  ( Ohio) 42 

Clifty,Tenn 60 

CliftyNo.  lmintf(Tenn.) 60 

Climax  mine  (Ala.) 16 

Clinchfield  mine  (Va.) 63 

Clinchfield  No.  2  mine  (Va.) 63 

CUnchfleld  No.  3  mine  (Va.) 63 

Clinchfield  No.  6  mine  (Va.) 64 

Clinchfield  No.  52  mine  (Va.) 63 

ainchfleldNo.55mine(Va.) 64 

Clinchfield  No.  103  mine  (Va.) 68 

CUnchfleld  No.  201  mine  (Va.) 64 

Clinker  formation.    See  Coal  ash,  fusibility. 

C^intQn,Ind. "  26 

Clinton,  Mo 38 

Clinton  No.  4  mine  (lad.) 26 

Clintwood,  Va. 62 

CUntwood  bed  (Va.) 62 

Clover  Fork  mine  (Ky.) 28 

Cloydmine(Va.) 63 

Clyde  Pocahontas  nUne  (W.Va.) '77 

mine  and  car  samples 87 

Coal,  constituents  forming  ash  in. 1 

method  of  preparing  for  tests 6 

rank  of,  abbreviations  for to 

Coal  ash,  dassiflcation  by  fusibility 10 

composition  of. 2 

ftislbility  of,  determination  of. 4-0 

relation  to  chemical  eomposltion 2 

relation  to  cUnker  formation 3 

See  aifo  Cones. 

Coal  Basin  mine  (N.Mex.)...'. 39 

Coal  BasUi  No.  1  bed  (N.  Mex.) 30 

Coal  Blossom  mine  (Pa.) 61 

Coal  Bluff,  Ind 26 

Coal  Branch  mine  (Ala.) 14 

Coalburg  bed  (W.  Va.) 71,76 

Coal  City,  Ala 14 

Coal  City,  ni 23 

Coal  City  bed  (Ala.) 14 

(kial  Creek  (Alaska) 16 

Coal  Creek,  Tenn 63,54 

Coal  Creek  bed  (Moat.) 37 

Coal  Creek  bed  (Tom.) 63-66^57,68 
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CaalCaHkHMOfni^)- V 

Cd^CnekHfewrCteh; tt 

Coal  Cue  BtBsrTc^;^ ST 

Co^imt^  Jfew » 

CmHUb^  W.  Va. » 

riiiiiiiiii  Mill  rir  Ti  I » 

CmU/M^Jeaa, ST 

^Cal» 9 

S,T— « 

OUAaunerreM.! * 

9.CMHiBHMrTa&» 91 

Coal  M49  bed  rsiaait.j » 

fSlaait.> » 

,Cal» a 

CdaNfle^Utab « 

Coalvoad^ir.Va. "^ 

GoaCcs  ^Okte.) « 

Cdata  SCatkH,  Ofaia. « 

Goebl«i3So>.2HfeBarOitio; 41 

Coiijr,Wf». » 

Cflfct.    AtfNatormleaki^ 

C>kedy^CoA(> » 

CoiMiiitebwl  'Coto.) » 

CofeMiaie  mine ''Cflia.; S 

r,A^ M 

f-\la.) M 

rm.) « 

W,  Va • 

CoOnsvilSi^  m « 

CoHnHViUtf^,  Okla. * 

GDlfein  b««l  'f>*>.» a 

Colkmi  mtee  rCda.) 21 

ColiBsv.Kr V 

Gofando,  eoalsfroim,  efaaaificatioBof. n 

5«c  Mim  bcdft,  minea,  aad  tow  ■amcd. 

GoioTMloHifl  ruh  >M>u  1  miWiColo.) S 

Colorado  Xo.S  miner  Pa.) « 

Colorado  Sprimc^  Gala. M 

Colomhia,  Mo » 

Colnmh<i«>»o.  iBteefW.Va.) • 

Colv<»,  P*- 47 

CfAvffttiityf.tP^) 47 

Com  oioidi,  4kflcrtpiCiaii  of « 

ftiT"*  ^'M'V'UNir- ' 

CcoM,Mh,  ftjs«diat<rt,vtev.or 7 

BMiiMdoriMatbifp ?-• 

nMmtM  for  t€«t,  Tfev  of 7 

pr«9afatloa  for  tcit  of , 7 

ConftiMDca,  Pa 41 

ConcKT  mine  rTcan.; 57 

Ovrnl^,  Pa M 

ConifcrminarPa.> 51 

CVmmlkviJk!,  Mo 38 

rymonmhte/.V.  Dak.> 41 

rV^friMtmlne^Pa.; 4» 

Cr/fiv4»4iau>a  No.  1  taJamiyLd.} 31 

C>yn«ri|»datlODMo.3niina(Md.; 31 

OmvjlldattonN'4.7inliiarMd.> 31 

CoiMnildatk«)Ko.»miiie(Md.) 31 

mlnean4«artafD|rfas W 

CowviMdattori  NV/.>mln«(Md.) 31 

rVivnolldatl/in  No.  12  roJoa  (Md.) 31 

CumolfcMIInn  No.  23  nina  ( W>  Va.) 74 


nr.vaj ^4 

(▼.Ta.) 74 

Cninanr.Va.).. 7* 

Va.) '\ 

CW-Va.) 74 

CW'.Va.) #7* 

CW.Ta^) 7t 

CPa.) 2 

fPa.1 12 

(ICyO » 

rKr-)— » 

'Ky.)- » 

InrinaCllaL).. C 

>) - 33 

,  ^.Ta^ - 72 

rJi^ « 

'.Va.- 75 

^CaliL) E 

Va- « 

9 

<CaliL) 21 

at 5 

Ky 2S 

2S 

54 

)- « 

4]    "       ^         . 

(Kr.) » 

1 9 

CnbbORkard^W.Va- ?l 

OrabbOickartBinatW.  Va.) :9.« 

21 

44 

Va- 77 

(W.Va.). t: 

CkantaffTTNo^lHiaeCW.Va.). 7S 

Oraiibarr7KoL2Hiae(W.Va.). 79 

ninaaiMlarmmplH. S» 

CkaiaMffT7N«L3Hine(W.Va.) Ti 

CnndaDNoLlminaaiOL) M 

CrancCraakNoLlniineCVr.Va.) 7S 

CiaiicCraakNo.2inina(W.Ta.) 7> 

W.Va. 71 

Not  1  nine  (Va.) 65 

CraamCity^OhiOL C 

Cream  City  mine  (Ohio) 43 

Creigiiton,  Pa. « 

Crei|^taiimine(Pa.) ^ 

Crelin^Md. 3l,7« 

Creacantmine,Pa 51 

Creaceotmine(Waili.) €7 

CreBcent  mine  (W.Va.) n 

Critteoilenmine(Ky.) 30 

Croft  mine  (Pa.) « 

Oaaby,Wyo >» 

Cronmina(Tenn.) 5* 

CromMoimtain2iio.lmina(Tenn.) 53 

CrovnHmNo.3mi&e(bML) 21 

Cra«mmine(Ky.) 21 

Cnidblea,  for  determiiiinK  f liability  of  ash, 

diwi'ri|itkm  cL & 

Crystal,  W.Va 71 

Qrystal  No.  1  mine  (W.Va.) 74 


IHDEX. 
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Page- 
Crystal  No.  2  iiiiiM(W.Va.) 74 

Chiba^ni « 

CulbertsQH,  Mont 38 

Gulp  mine  (Obio) 4S 

Cumberland,  Wash M 

Cnmmings  mine  (Utah) 61 

Cnnningimm  mine  (Pa.) 47 

Curlow  mine  <Ky.) 30 

Curtts  No.  1  mine  (Colo.) 22 

CnrwonsvUle,  Pa 40 

Cat  Bank,  Mont 37 

CymbriaNo.  lnilne(Pa.) 47 

Cymbria  No.  2}  mine  (Pa.) 47 

D. 

D  bad  (Alaska) W 

(Mont.) 38 

(Utah) «0 

(Wyo.) ;  82 

Dagos,  Pa 49 

Dagus  mine  (Pa.) 40 

Daisy,  Tenn 67 

Dakota  Products  mine  (N.  Dak.) 41 

Daleview,  Mont 37 

Daleview  bed  (Mont.) 37 

Daley  mine  (Ala.) 14 

Dangelo  mine  (Ohio) 42 

Dante,  Va «8 

Danyine,Ill 25 

Darms  mine  (Not.) 38 

David  bed  (Alaska) 16 

David  mine  (Alaska) 16 

Davidson, Tenn 56,58 

Davidson  mine  (Tenn.) 50 

Davis  and  Watson  No.  1  mine  (Mo.) 33 

Davis  mine  (Tenn.) 57 

Davis  No.  4  mine  (Mont.) 37 

Davy,W.V8 72 

Davy  mine  (Ohio) 41 

Davy  Pocahontas  No.  1  mine  (W.  Va.) 73 

Davy  Pocahontas  No.  2  mine  (W.  Va.) 73 

Dawson,  N.Mex 39 

Dawson,  OUa 45 

DawBonbed(Ky.) 28 

Dawson  bed  (N.  Mex.) 39 

Dawson  bed  (Okla.) 45 

Dawson  mine  (Mont.) 38 

Dawson  No.  2  mine  (N.  Mex.) 39 

Dawson  No.  6  mine  (N.  Mex.) 39 

Dawson  Springs,  Ky 28 

Dayton,  Tenn 59 

Dayville,  Oreg 45 

De  Annond,  Tenn 59 

Dean  bed  (Ky.)   See  Fireclay  bed  (Ky.). 
Dean  bed  (Tenn.).   ^ee  Windrock  bed. 

Dean  Brothers  mine  (Va.) 65 

Deda  mine  (Mont.) 36 

Deepwater,Mo 33 

Deflanoe  bed  (N.Mex.) 30 

Defiance  mine  (N.Mex.) 30 

DeCarmation  temperature,  definition  of 9 

Degnan-MoConnell  No.  5  mine  (Okla.) 44 

Dekoven,  Ky 80 

Delagua,Ck>l 20 

Deiagua bed  (Colo.) 20 

Dslagua  mine  (Colo 20 

Deiagua  No.  imiiia  (Olio.) 20 


Page. 

DelagQaNo.8miiie(Coio.) 20 

Delaney  mine  (Ohio) 42 

Del  Carbon,  Colo 19 

Delia,  Va 64 

Delta  mine  (Pa.) 47 

Delta  mine  (W.Va) 73 

mine  and  car  samples 86-87 

Dempaey  mine  ( Mont . ) 36 

Deniifaig,Ark 17 

Denning  bed  (Ark.) 17 

Denning  Na  2  mine  (Ark.) 17 

Dents  Run  No.  1  mine  (Pa.) 49 

DeringNo.  lmine(Ind.) 26 

Dering,  No.  2  mine  (Dl.) 25 

DeringNa4mine(Ill.) 25 

Derryhale,  W.  Va 60 

Devil's  Fork,  W.  Va 81 

mine  and  car  samples 89 

DevU's  Fork  mine  (W.Va) 81 

DevU'sBUde^Utah 61 

Devon  mine  (Md.) 13 

Devonia,  Tenn 63 

Diamond  mine  (N.  Mex.) 39 

Diamond  mine  (Wyo.) 82 

Diamond  No.  1  bed  (N.  Mex.) 39 

Diamond  No.  2  bed  (N.  Mex.) 39 

Diamond  No.  3  mine  (Pa.) 61 

Dickey  No.  1  mine  (Mo.) 33 

Dickie  No.  1  prospect  (Wyo.) 83 

DieU,  Wyo 83 

Diets  No.  2  bed  (Wyo.) 83 

Diets  No.  4  mine  (Wyo.) 83 

Diets  No.  7  bed  (Wyo.) 83 

Diets  No.  7  mine  (Wyo.) 83 

Discovery  tunnel  mine  (Wash.) 68 

Disney  mine  (Tenn.) 65 

Dixiana  No.  4  mine  (Ala.) 14 

DixieNo.4  mine  (Tenn.) 66 

Dodson,Md 32 

Dodson  mine  (Md.) 32 

Dodson  No.  3  mine  (Md.) 32 

Dodson  No.  5  mine  (Md.) 32 

Dolores,  Colo 21 

Dolores,  Tex 60 

Dolores  mine  (Tex .) 60 

Domingues,  Colo 18 

Domino,  Ky 29 

Donnell prospect  (Oreg.)....* 45 

Dooley,Va 65 

Dora,  Ala 15 

Dorchester,  Va 65 

Dos  Rios,  Calif 18 

Douglas,  Wyo 82 

Douglass,  Ky 29 

Douglass  mine  (Ky.) 29 

Douglas  No.  2  mine  (Tenn.) 60 

Douglas  No.  2  mine  (W.  Va.) 77 

mine  and  car  samples 87 

Drake,  Pa 61 

Drigg8,Colo 23 

Dnn,Va 64 

Drill  mine  (Va.) 64 

Drummond,  Mont 87 

Dry  (}reek  mine  (Celo.) 22 

Dry  Hoaow  prospect  (Oreg.) 45 

DabUn,Va. « 
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Dubois,  Pa ^ 4$ 

Dubolsi  Wyo 92 

Dude  mine  (Ohio). 42 

DuggeTylnd 2^ 

Di]«gfii8tMd(Utah) 01 

DuktothVaDey  (Alaska) 17 

Dunbar,  Va 65 

Duncan  bed  (Va.) M 

Dungannan,Va M 

DtmlapyToon...... W 

Dunlo,  Pa- 47 

Dun]oop,W.Va » 

Dunmore,  Pa. 61 

DunmorDNo.2bed(Pa.) 51 

Dunn  Loop  mine  (W.  Va.) fi9 

Dunn  Loop  No.  2  mine  (W.Va.) <» 

Duquoin,I]L 25 

Dnrango,Cola 20,40 

DufbaniyWadi. 06 

Durldn  prospect  (N.  Dak.) 41 

E. 

E  bod  (Alaska) 16 

E  bed  (Mont.) 38 

EagaUfTenn 55 

Eagle  bed  (W.Va.) 60,70 

mine  and  car  samples 85,86 

Eagle  mine  (Pa.) 47,40 

Eagle  mine  (Wyo.) 83 

Earling,W.Va 71 

Earling  No.  1  mine  (W.  Va.) 71 

EarHngton,  Ky 20 

EastBamsteadfKy 20 

East  Creek  Ladd  mine  (Wadi.) 67 

Eastern  Ohio  mine  (Ohio) 42 

East  Fork  mine  (Tenn.) 56 

East  Oulf,  W.Va 77 

East  OuU  No.  3  mine  (W.Va.) 77 

East  Oulf  No.  4  mine  (W.Va.) 77 

Bast  Gull  No.  6  mine  (W.Va.) 77 

East  Jellico  mine  (Ky.) 27 

East  Laurel  mine  (Tenn.) 56 

East  LlveriKX)!,  Ohio 42 

East  Millsboro,  Pa fiO 

Eastmine(Va.) 65 

East  Ohio  No.  2  mine  (Ohio) 43 

East  Soobey,  Mont 37,38 

East  Staub  mine  (Tenn.) 57 

Bast  Wiley  mine  (Wyo.) 83 

EcdeSfW.Va 77 

mine  and  car  samples 87 

Bodes  No.  3  mine  (W.  Va.) 77 

Bodes  No.  5  mine  (W.  Va.) 77 

mine  and  car  samples. 87 

Ecdes  No.  6  mine  (W.  Va.) 77 

Bckhart,Md 31 

Eckman,W.Va 72 

Bdipse  No.  1  mine  (Okla.) 44 

Ed  CoUom  mine  (Colo.) , 21 

Bdgewatermine(Ky.) „ 30 

Edie,Pa : 51 

Edison,  Kans. ,.,  27 

Bdlund  bed  (Wash.) 67 

BIberleld,Ind 26 

Elberfeld  mine  (Ind.) 26 

Blbon  No.  5  mine  (Pa.) 40 


Eldanido^m 25 

Eleanaramine(Pa.). 51 

Electric  mine  (QL) 25 

Electric  mine  (Mo.) 32 

Electric  mine  (Pa.) 48 

EleetrieNo.8mine(Pa.) 50 

Eliaa)e«h,Pa 46 

Elisabeth  mine  (Ohio) 42 

Elk  Creek  mine  (Colo.) 22 

EUdiart  mine  (Tenn.) 54 

Blkhom,W.Va. 72 

Elkhornbed,  (Ky.) 20 

Elkhommine(Ky.) 20 

E]kbomNo.301mine(Ky.) 20 

Elkbom  Piney  No.  6  mine  (W.  Va.) 79 

ElkUck,Pa 51 

ElkolfWyo. 83,84 

£lkolbed(Wyo.) 83 

Elkol  mine  (Wyo.) 83,84 

Elk  Ridge,  W.Va. 72 

Elk  Bidge  mine  (W.Va.) 72 

Elk  Vallqr,  Tenn 54 

Elk  Vallqr  mine  (Tenn.) 54 

Elleaburg,  Wash 66 

Elleralle,  Md. 31 

BUerslie  day  mine  (Md.) 31 

EUison  and  Johnson  prospect  (Va.) 65 

Elm  Orove,  W.  Va •....  75 

Elm  Orove  No.  1  mine  (W.  Va.) 75 

ElMora,Pa 47 

El  Paso  mine  (Colo.) 18 

Elverton,  W.  Va 6B 

Elyerton  mine  (W.Va.) m 

E]ys,Ky 20 

Emerald  No.  1  mine  (Va.) 63 

Emery,  Alaska 16 

Emery,  Utah 61 

Emery  bed  (Alaska) 16 

Emery  mine  (Alaska) 16 

Emory  Oap,  Tenn 50 

Emory  Gap  mine  (Tenn.) 56 

Empire,  Ky 27 

Empire,  Ohio 43 

Empire  bed  (Ky.) 27 

Empire  mine  (Colo.) 20 

Empire  mine  (Ky.) 27 

Engle  mine  (Pa.) 51 

Engle^tarkville  bed  (Colo.) 20,21 

Empire  No.  64  mine  (Va. 65 

Emilck  No.  1  mine,  (Md.) 31 

Ezikm  mine  (Pa.) 49 

Ernest,  Pa 80 

Ernest  No.  2  mine  (Pa.) 50 

Eslca,  Alaska 16 

Eska  bed  (Alaska) 16 

Eska  mine  (Alaska) 16 

Esser  No.  4  ndne  (Va.) 65 

Esserville,  Va 65 

Estella,  Okla 43 

Eureka  mine  (Ala.) 15 

Eureka  No.  30  mine  (Pa.) 52 

Eureka  No.  40  mine  (Pa.) 48 

BvansCity,  Pa ,., 47 

Evans  mine  (Tenn.) 55 

BvansviUe,  Ind 26 

Everett  Assodatlan  proepeot  (One.) 46 
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rbed(lCaQt.),0OiJ,adi,ftulU]|ty 88 

lUrlto,Waih 87 

lUrlaxiniiieCWasb.) 87 

VUrfleld  mine  (Colo.) 31 

lUrmoatylll 4 36 

lUrmoat  mine  (HL).. 36 

IUrmoat,W.Va 74 

Fairview  mine  (Wyo.) 83 

moon  No.  8  mine  (Bl) 60 

Falcon  No.  0  mine  (Fli.) 60 

nj]enTlmlMr,Fla 47 

FUte  Branch  mine  (ften.) 66 

Faraday,  Vs 64 

Faraday,  W.  Va 73 

Farland  mine  (Tenn.) 64 

Farmers  No.  1  mtoe  6io>) 34 

Farmington,  N.  Hex u 40 

FarmlngtoQ,W.Vs 74 

Farr,C6lo 10 

Fay  Ral  mine  (W.Va.) 60 

Fifildner,A.C.,workolted I 

Fleldner,  A.  C,  Hall,  A.  E.,  and  Field,  A.  L., 

workdted 8,0 

Finleyyine,  Fa 63 

Fireclay  bed  (Ey.) 37,20 

Flreoo,W.Va 77 

mine  and  car  aamples. 87 

Fire  Creek  bed  (W.  Vs.) eo,n,76-«0 

mine  and  car  samples 87 

Fire  Creek  mine  (W.  Va.) 77 

Fisher  mine  (Mont.) 38 

Flag  bed  (Ky.) 20 

Flanagan  mine  (^^enn.) 66 

Flat  Creek  mine  (Tenn.) 60 

Flat  Gap,  Va 20,66 

Flathead  River,  Mont 37 

Flat  Rock  mine  (Va.) 64 

Flatrock  Ne.  8  mine  (Tenn.) 67 

Flat  Top  mine  (W.  Va.) 81 

Fleegle  mine  (Pa.).   Sm  mtcbew  mine. 

Fleming,  Ky 20 

Fleming  No.  1  mine  (Ho.) 33 

Fluid  temperatore,  definition  of 0 

Folsom  Morris  No.  6  mine  (Okla.) 43 

Folsom  Morris  No.  6  mine  (Okla.) 43 

Folsom  Morris  No.  8  mine  (Okla.) 43 

Fonde,  Tenn 65 

Forbes,  Cok) , 30 

Forbes  No.  0  mine  (Cdto.) 30 

Force,  Pa 40 

Ford  City,  Pa 46 

Fords  Prabie  mine  (Wash.) 67 

Fork  Mountain  mine  (Tenn.) 53 

Fork  Ridge,  Tenn 55 

Fork  Ridge  No.  1  mine  (Tenn.) 55 

Fork  Ridge  No.  4  mine  (Tenn.) 55 

Fort  Branch,  Ind 35 

Fort  Branch  mine  (Ind.) 25 

Fort  Payne,  Ala 14 

Fossil,  Oreg 45 

Foster  prospect  (Mont.) 36 

Four-foot  bed  (Pa.) 61 

Foarmile,Ky 37 

Fox  Den  mine  (Tenn.) 66 

Fox  Ridge,  Ky 27 

Fox  Ridge  mine  (Ky.) 27 


Fox  Ron  mine  (Ey.) 38 

Franklin,  Kans 27 

Franklin  bed  (Md.) 81 

Franklin  Emery  No.  5  mine  (SH.) 33 

Franklin  Station,  Md 81 

Fraterville  mine  (Tenn.) & 

Frederick,  Cola S3 

FreehartNo.  lmiBe(Va.) 83 

Fremont,  Tenn 66 

Fremont^  Utah. 61 

Freeportbed(Pa.) 48 

Fieeport  mine  ( W.  Va.) 76 

Filendaville,  Md 33 

Froid,Mont 38 

Frontier,  Wyo 84 

FraBiburg,Md 81 

Frosen  Head  bed  (Tenn.) 66 

Froeen  Bead  mine  (Tenn.). 66 

Fniltland,  N.  Mex 40 

Fuca  mine  (Wash.) 06 

Fulkefson  mine  (Ky.) 38 

Fuller,  Kans 87 

Fuller,  Pa. 61 

Fulton,  Ma 33 

Fulton  bed  (Pa.) iO 

Furman,  mine  (Tenn.) 67 

Furnace,  for  determining  fustUUty  of  ash, 

description  of 4 

secUmof 6 

Tiewof 6 

See  aito  Melter  fomaoe;   Motybdensm- 
wlrefturnaoe. 
FosIbiUty.  8m  Coal  ash. 

a 

O  bed  (Mont.) 88 

Qale  Creek  mine  (Wash.) 68 

QaUtcenbed(Md.) 33 

aaI]ltxinmine(Pa.) 47,85 

mine  and  car  samples 85 

Galloway  No.  11  mine  (Ala.) 15 

GaUup,N.Mex 30 

Gallup  Southwestern  mine  (N.  Mex.) 30 

Gannons  Station,  Md 81 

Gardiner,  N.  Mex 30 

Gardiner  No.  1  mine  (N.  Mex.) 30 

Gamsey,  Ala 14 

Gamsey  mine  (Ala.) 14 

Gas  bed  (W.  Va.).   See  No.  3  or  Gas;  Rawl 

bed. 
Gas  fumaoe  method,  for  determining  ftisi- 

bOltyofash 4-0 

Gaston  mine  (Ohio) 42 

Gebobed  (Wyo.) 83 

Celts  mine  (N.  Dak.) 41 

Gem  No.  2  mine  (Tenn.) 55 

Gem  No.  4  mine  (Tenn.) 55 

Georgel,Va 6* 

George  Rudy  mine  (Ky.) 28 

Georges  Creek  No.  3  mine  (Md.) 31 

Georges  Creek  test  opening  (Md.) 31 

Georgetown,  HI 35 

Gemt,  Tenn. 56 

Ghemmine(Pa.) 48 

Oholsonbed(Ala.) » 
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Gtfb80ii,  N.  Mex 89 

Qlllam  mine  (S:y.) 27 

Gffle8ple,in M 

mine  and  car  samples. 85 

GHUette,Pa G2 

Gillette,  Wyo 81 

(Hlliam^W.Va. 72 

mine  and  car  samples.^ 86 

Gilliam  mine  (W.Va.) 72 

Glllingtown,  Pa 48 

Gilmour  No.  7  mine  (Ind.) 25 

Gin  Sang  mine  (Md.) 31 

Glacier,  Wash 68 

GladevmeNo.3mine(Va.) 65 

Glamorgan,  Va 65 

Glamorganbed  (Va.) 66 

Glamorgan  No.  3  mine  (Va.) 65 

GlenbroQkNo.2mine(Pa.) 40 

Glen  Campbell,  Pa 50 

Glen  Carbon,  Ala. 15 

Glen  Carbon  mine  (Ala.) 15 

Glendive,  If  ont 36 

Glendonmine(Ky.) 27 

Glen  Jean,  W.Va 60 

mine  and  car  samples 85 

Glen  Mary  bed  (Tenn.) 69 

Glenrock,  Wyo 82 

Glenrock  mine  (Wyo.) 82 

Glen  White,  Pa 47 

mine  and  car  samples. ^ 85 

Glen  Wbite,  W.Va 77 

Glen  White  mine  (W.Va.) 77 

Glen  White  No.  2  mine  (Pa.),  mine  and  ear 

samples 47,85 

Godfrey  mine  (W.Va.) 74 

Golf,  Pa 47 

Gooch  mine  (Tenn.) 58 

Goodwill,  W.  Va 76 

Goodwill  mine  (W.Va.) 75 

Gordon  mine  (Colo.)- 19 

Gorman,  Md 82 

GknhenNo.  2niine(Pa.) 49 

Goucher  Na  2  mine  (Ohio) 42 

Government  mine  (N.  Mez.) 40 

Gowen,  Okla 44 

Oraddymine(Ma) 34 

Graham,  Ky 29 

Grand  No.  lmlne(Ark.) 17 

Grand  Ridge,  Wash 66 

Grand  Ridge  mine  (Wash.) 66 

Grassy  Ridge  mine  (Tenn.) 57 

GrantsvUle,  Md 82 

Orantsvillebed(Md.) 32 

Grassy  Ridge  bed  (Tenn.) 57 

Grassy  Ron  No.  lmlne(Pa.) 51 

Grayson,  Ul 25 

OraysGoNo.  6mine(Ill.) 25 

GraysviUe,  Tenn 59 

Great  Northern  No.  21  mine  (Mo.) 82 

Green  bed  (Colo.) 22 

Green  mine  (Colo.) 22 

Green  mine  (Uti^) 62 

Greensburg,  Pa S3 

Grennel  mine  (Ma) 83 

Greer  Station,  Pa 63 

Qrsybull  mine  (  Wya) 88 
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Oriffln  mine  (01iiD>........ 

(kove  (Mty,  Pa , 

Golf  mine  (W.Va.) , 

mine  and  canwinplwi 

0mm,  Wyo , 

Gunn-Quaaly  B  mine  (Wya) 

OuntoQ  Park,  Va 

OotbriemtDeCMd.) 

Onthriemine(W.  Va.) 

Gwynn  prospect  (Wya) ' 

Oypeoy,  Pa » 

H. 

Habersham,  Tenn * 

Hackett,Aik 

Haddixbed(Ky.). 

Haden,Colo 

HftguiniineCVa.) 

Hagan  prospect  (Va.) 

Hai]ey-01aNa2mine 

Haileyvilto,  Okla 

Hale  mtoe  (Toon.) 

Hale  prospect  (Tenn.) 

Haley  Moontain  Na  1  mlns  (Tenn.). 
Hall,  A.  B.,ackn(nHedganMntto.... 

Han  mtoe  (Tenn.) 

HamillNa2niine(Md.) 

Hamilton,  Mo 

Hamilton  prospect  (Cola) 

Hanna,  Utah 

Hanna,  Wyo 

Hanna  City,  HI 

Hanna  City  mine  (UL) 

Hannafardmine(Wa^) 

HannafordNa  1  mine  (Wash.) 

Hanson,  Okla 

Harlan,  Ky 

Harlan  bed  (Ky.) 

HarkneBSbed(Ala.) 

Harmon  mine  (N.  Dak.) 

Harmony  Junction,  Pa 

Hamey  Creek  mine  (Wya) 

Harriman,TBn 

Harriman mine  (Tenn.) 

Harris  bed  (Cola) 

Harrislxng,  ni 

Harrison,  Ky 

Harrison,  Md 

Hartford,  Aik 

Hvtfard,Otalo 

Hart  mine  (Cola) 

Hartrsnit,  Tenn. 

Hartshorae,  Okla 

Hartshamebed(Ark.) 

Hartshome  bed  (Okla.) 

<8es  also  MoCvtain  bed. 
Hartwell,  W.  Va 

mine  and  car  samples 

Ha8keUNa3bed(Va.) 

Ses  ata>  Upper  Banner  bed. 

HiaakeUNaSniine(Va.) 

Hasdngs,  Colo 

Hastings,  Pa 

Hastings  mine  (Goto.) 

Htaert  mine  (Cola) 

Havaoo,  W.  Va 

mine  and  ear  samptas 
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HaTaoomineCW.Va.)... 72,73 

Havre,  Mont 37 

Hawk's  NeetyW.Va « 

Haws  Na  3  mioeCPa.),  ™1ni»*'*^  car  samples  53, 85 

Hayden,  Colo 22 

Haynes,  N.  Dak 40 

HaynesbedCN.Dak.) 40,41 

Haynes  mine  (  Wya) 82 

Haszard,  Ky 29 

HaExardbed(Ky.), 29 

Haziard-Deanmine(Ky.) 29 

Hazzardmliie(Ky.) 29 

Heldebrand  strip  iilt(Ok]a.) 43 

Healy  Creek,  Alaska 17 

Heaton,  N.  Hex 39 

Heatonmiiie{N.  Hex.) 39 

Heber,Utah «2 

HeberBoUnson  mine  (Utah) 61 

Hebron,N.  Dak 41 

Hebronmine<N.  Dak.) 41 

Helen,  W.Va 77 

Helena,  Ala 15 

Helena  bed.  Ark 15 

Helena  mine  (W.Va^) .• 72 

Helen  No.  3  mine  (W.Va) 77 

Helen  No.  4  mine  (W.Va.) 77 

Helen  Na  6  mine  (W.Va.) 77 

Helenwood,  Tenn 50 

Helenwoodmine(Tenn.) 50 

Hell  Gate  mine  (Mont) 37 

Hemer,Ky 30 

Helper,  Utah CO 

Hemphill,  W.  Va 73 

Henderson,  Ky 28 

Henderson  No.  1  mine  (Pa.) 53 

Hendricksonmlne(N.  Mex.) 40 

Henry,  W.Va 71 

Henrietta  mine  (Pa.) 47 

Henry  mine  ((}olo.) 22 

Henry  mine(W.  Va.) 22 

Henry  MuUaneys  mine  (Md.) 31 

Henryetta,  Okla 44 

Henryetta  bed  (Okla.) 44 

Henryville,  Oreg 45 

Henryylllemine(OreK.) 45 

Herbert,  Tenn. 54 

Hemdon,W.  Va 81 

Herrin,m 28,25 

Herrinbed(IlL) 23,24 

Hespems,  Colo 20 

Hesperus  bed  ((^lo.) 20 

Hesperus  mine  (Colo.) 20 

Hiawatha,  Utah, 00 

Hiawatha  bed  (Utah) 00,61 

Hiawatha  Nal  mine  (Utah) 60 

Hiawatha  No.  2  mine  (Utah) 60 

Hickeymine(Wyo.) 82 

Hickory  No.  2  mine  (Okla.) 45 

Higginsville,  Mo 34 

High  Clill  mine  (Tenn.) 55 

Highland  No.  2  mine  (Tenn.) 56 

Highland  JuneUon,  Tenn 60 

Hi]ger,M<Mit 36 

HUlis  prospect  (Oreg.) 45 

Hillnian,Pa 61 

Hillsdale  Ma  6  mine  (Pa.) 50 


Hillvllle,Pa 48 

Hilton  mine,  (S.  Dak.) 53 

Himyarmlne(Ky.) 29 

Hitchewmlne(Pa.) 51 

Hitchman  mine  (W.Va.) 74 

Hltemine(Pa.) 46 

Hi-Top  mine  (  W.  Va.),  coal,  ash,  fusibility.. .  70 

Hl-Top  mine  (  W.  Va.),  coal  ash,  fusibility. . .  09 

Hoffman,  Md 31 

Hogan  prospect  (Utah) 61 

Hogbadcbed(N.  Mex.) 40 

Holbrook,  W.  F. ,  acknowledgment  to 1 

Holland  Nal  mine  (Ma) 33 

Holmes,  J.  A.,  work  cited 10 

Holmes  mine  (N.  Mex.) 38 

HQbopple,  Pa 52 

mine  and  car  samples 85 

HomeNo.  Imlne(Ma) 34 

Homer  City,  Pa 50 

Home  Riverside  Na  1  mine  (Eans.)   27 

HameRiTersideNa3mine(Kans.) 27 

Honohihi  prospect  (Oreg.) 45 

Hooper  bed  (Tenn.) 57 

HombrookNo.3mine(W.  Va.) 78 

mine  and  car  samples 88 

Homer  mine  (Mont.) 36 

HorseshoeBend,  Colo 22 

Horseshoe  mine  (Pa.) 49 

Horseshoe  mine  ((^lo.) 23 

Hopedale,  Ohio 43 

Hopewell,  Pa 46 

Hopkins  mine  (W.Va.) 80 

Hotcoal,W.Va : 77 

mine  and  car  samples 87 

Hotcoalmine(W.  Va.) 77 

See  aUo  Oulf  mine. 

Householder  mine  (Ohio) 42 

Houston  Na  1  mine  (W.Va.) 72 

HoustonNa2mlne(W.  Va.) 72 

Howard  mine  (W.Va.) 75 

Hubbard,  Md 31 

Hudson,  Wyo 82 

Huger,W.Va 73 

Hughes,  OUa 44 

Hugett  mine  (Tenn.) 50 

Hughey  prospect  (Wyo.) 84 

Hume,  Mo 33 

Hunter,  Ohio 41 

Htmtington,  Ark 17 

Hontsville,  Mo 35 

HuntsviUe,  Tenn 50 

Husebye-EUithorpe  mine  (N.  Dak.) 41 

Hum,  Wash 68 

Hurst  No.  1  mine  (Mo.) 33 

Hustead  mine  (Pa.) 50 

Hutchinson ,  W.  Va 74 

Hntchinaon  mine  (W.Va.) 74 

I. 

I  bed  (Utah) 61 

Iditarod,  Alaska 15 

Igloo  (3reek,  Alaska 17 

HUnois,  mine  and  car  samples 13 

See  dUo  beds,  mines,  and  towns  named. 

Imboden,Va 65 

ImbodettNa2mine(Va.) 65 
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Independence  mine  (Mo.) 34 

Indiana  No.  0  mine  (Pa.) 60 

Indian  Creek  mine  (Ind.) 26 

Indian  mine  (Wyo.) 82 

Indian  If  oimtain  mine  No.  3,  ooal 65 

Indio  mine  (Ala.) 14 

Induslrlal  mine  (Cola.) 18 

Indostry,  Ol. 14 

Ines,Wyo 82 

Ines  mine  (Wyo.) 82 

Ingram  Brandi,  W.  Va 60 

mine  and  car  sanpleB 86 

Ingram  Braneh  No.  S  mine  (W.  Ta) 60 

mine  and  ear  samplee 86 

Inman,Ta 65 

Intermont  No.  6  miae  (Va.) 65 

Intermatianalmine(Cok>.) '22 

Intemattonal  mine  (Mont.) 36 

Iron,inaih,  reduction  of,  effect  of 3 

Irondale,  Ohio. 43 

Iroquois,  W.  Va :  81 

mine  and  ear  samplee 80 

Iroquois  mine (W.Va.) 81,80 

IrvQna,Pa 40 

Mand.Ky 20 

Island  Creek  mine  (W.  Va.) 71 

Island  Runmine(Pa.) 46 

Italian  Blue  Oem  mine  (Tenn.) 55 

J. 

Jack  Rock  No.  3  mine  (Tenn.) 66 

Jack  Rock  No.  3  bed  (Va.) 68 

Jackson  mine  (Colo.) 21 

Jackson  mine  (Tenn.) 68 

Jackson  mine  (Va.) 64 

Jackson  viUe,  Mo 35 

Jaeksonviaemine(Mo.) 36 

Jacobs,  Pa 60 

Jacobs  mine  (Pa.) 60 

3Bggerbed(Ala.) 16 

Jake  Miller  mine  (Pa.) 62 

Jake's  Branch  mine  (Tenn.) 50 

Jake's  Tank,  Tenn 50 

James  mine  (Cdo.) 21 

James  mine  (Pa.) 48 

Jameson  Blue  Oem  mine  (Tenn.) 66 

Jamison  No.  4  mine  (Pa.) 63 

Jamisonville,  Pa 47 

JasonTille,  Ind 25 

Jawbone  bed  (Va.) 65 

J.B.B.No.lmine(W.Va.) 73 

J.  B.  B.  No.  2  mine  (W.  Va.) 73 

J.B.B.No.3mine(W.Va.) 73 

J.B.B.No.4mine(W.Va.) 78 

J.B.B.No.6mine(W.Va.) 73 

Jefferson  bed  (Ala.) 14 

Jefferson  center.  Pa. 47 

Jeffries  mine  (Ohio) 41 

JeUico,Tenn 66 

JeUoobed(Ky.) 20 

JeUico bed  (Tenn.) 63-56,58,50 

Jcmand.W.Va 81 

Jenkinjones,  W.  Va 73 

Jenkinjones  No.  0  mine  (W.  Va.) 73 

mine  and  car  samples 80 

Jenklr^loiies  We.  7  mine  (W.  Va.) 73 


Jenkinjones  No.  8  mine  (W.  Va.) 73 

mine  and  car  sam];>leB 86 

Jenkins,  Ky 28 

Jenny  Lind,  Ark 17 

Jenny  Idnd  No.  17  mine  (Ark.) 17 

Jesse  Knight  prespect  (Utah) ei 

Jewell,  Va 64 

Jewell  Ridge  No.  1  mine  (Va.) M 

Jim  Monuen  mine  (N.  Dak.) 41 

Joe  (V)Uum  mine  (Colo.) 21 

John  Dyer  mine  (Pa.) 53 

John's  Branch  mine  (W.  Va.) 74 

John  Sines  mine  (Md.) 32 

Johnson  mine  (Ohio) 42 

Johnson  mine  (Wyo.) 81 

Johnstown,  Pa 47 

Jones  bed  (Mont.) 38 

Jones  coal  bank  (W.Ta.) 71 

Jonas  mine  (Mont.) 38 

Jones  mine  (N.  Mex.) 3^,40 

Jones  mine  (N.  Dak.) 41 

Jones  mine  (S.  Dak.) 53 

Jones  No.  1  mine  (Mo.) 35 

Joixlan,  Mont 36 

Jordan  bed  (Mo.) 38 

Jordan  bed  (Tenn.) 54 

Josephine,  Va 86 

J.  8.  T.  mine  (Va.) M 

Jumbo  bed  (Colo.) ao 

K. 

Ka,Va 64 

Kansas,  coals,  from,  dassiflcatlon  of. 11 

9eeii2ra  beds,  mines,  and  towns  named. 

Karthans,  Pa. 40 

Kay  Moor,  W.Va eo 

Kay  Moor  No.  1  mine  (W.  Va.) 60 

Kay  Moore  No.  2  mine  (W.Va.) %.  60 

K.  C.  Midland  No.  4  mine  (Mo.) 32 

Keams  and  Duggins  mine  (Utah) 61 

Keaton  mine  (Tenn.) 59 

Kebler  No.  2  mine  (Colo.) 19 

Keene  mine  (Mont.) 37 

Kelley  Bed  (T«nn.) S7 

KeUioka  (C)  bed  (Ky.) as 

KeUy  bed,  (Alaska) t6 

Kelly  bed  (Va.) 63^66 

KeUy  mine 16 

Kelly's  Creek  No.  3  (W.Va.) 71 

Kammerer,  Wyo 83,  S4 

Kemmererbed(Wyo.) S3 

Kemmerer  No.  1  bed  (Wyo.) m 

Kammerer  No.  1  mine  (Wyo.) m 

Kenunerer  No.  4  mine  ( Wyo.) 84 

Kemmerer  No.  6  mine  (Wyo.) k3 

Kemmerer  No.  6  mine  (Wyo.) gs 

Kemp  mine  (Ohio) 41 

Kempton,  W.  Va, 76 

Kempton  mine  (W.  Va.) I 76 

Kenilworth,  Utah 61 

KanUworth  bed  (Utah) 61 

Kenilworth  mine  (Utah) 61 

Kent  bed  (Tenn.) 55 

Kennedy  bed  (Va.) 631,64 

Kentucky,  coals  l^m,  dassiflcatlon  of u 

5«e  ate)  beds,  mines,  and  towns  nftmad. 
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Keatacky  Jewel  mine  (Ky.) 20 

Keokee,  Va. 63 

Kerr  bed  (Mont.) 86 

Kerr  mine  (Mont.) 86 

Kettlelsland,  Kj 27 

Kildow  mine  (W.  Va.) 76 

Kilsjrtli,  Tenn. 66 

Kilsyth,  W.Va 60 

Kilsyth  mine  (W.  Vs.) 60 

KimbaU,W.Va. 73 

Kimberly,  Tenn. 66 

Kimberly  mine  (Colo.) 21 

Kimberlymine(Tenn.) 55 

King  bed  (Ckdo.) 18 

King  mine  (Colo.) 18 

King  mine  (Wash.) 68 

King  mine  (W.  Va.) 73 

mine  and  car  samples 87 

King  mine  (Wyo.) 81 

King  Mountain  mine  (Tenn.) 5S 

King  No.  98  mine  (W.Va.) 73 

Kingsland  mine  (Md.) 31 

Kingsleyniine(Md.)... 31 

Kings  River,  Alaska. 17 

Kinsey  mine  (Ohio) 42 

Kirby,  Wyo. 83 

Kirby  No.  1  mine  (W.Va.) 76 

Kirk  strip  pit  (OUa.) 45 

KirksYille,  Mo. 33 

Klendikemine(Tenn.) 53 

Knudsen  mine  (S.  Dak.) 58 

Koehler,  N.  Mex 39 

KoeUermine(N.  Mex.)... 30 

Koehler  No.  1  mine  (N.  Mex.) 89 

Koehler  No.  2  mine  (N.  Mex.) 89 

Kolbank  mine  (N.  Dak.) 41 

Konamlne.  5«e  EUefaorn  lOlne  (Ky.). 

Kooi,Wyo 84 

Kooi  mine  (Wyo.) 84 

Koontz  mine  (Md.) 82 

Kubler  mine  (Cola) 19 

Kugruk  mine  (Alaska) ^16 

L. 

La  Belle  mine  (W.Va.) 48 

Labor  Exchange  mine  (Mo.) 84 

Ladd,Wash 67 

Lady  Wellington  bed  (Wash.) 68 

Laiayette,  Ckdo 18 

Laf  ollette,  Tenn 16 

Lake  Superior  No.  1  mine  (W.Va.) 73 

Lam  mine  (Ky.) 99 

Lancing, 'Denn 57 

Lander  bed  (Wyo.), 82 

LandrethNo.lmi2ie(Mo.) 34 

Landnis,  Pa. 52 

Lane  No*  1  mine  (Mo.) 38 

Lansing,  Kans. 2^ 

Large  bed  (Va.) 68 

Laucfblin  mine  (Ohio) 41 

Laurel  Branch  mine  (Va.). 68 

Laurel  Smokeless  mine  (W.Va.) 77 

mine  and  oar  samples 87 

Lavina,Mont 87 

Lay,  Colo. 21 

Uyland,W.Va. 69 


Page. 

Layland  No.  Indne  (W.  Va.) 60 

LaylandNo.2mine(W.Ta.) 00 

Layland  No.  3  mine  (W.  Va.) 60 

LaylandNo.4Mine(W.Va.) 60 

Laymanoe  mine  (Tenn.) 58 

Lay  mine  (Colo.) 21 

Leavenworth,  Kans 27 

Leckie,W.Va. 73 

Leckle  No.  1  mine  (W.Va.) 73,77 

LeckleNo.2Bine(W.Va.) 78,77 

mine  and  osT  samples 87 

Lee  bed  (Va.) 6S 

Lee  No.  6  mine  (Va.) 65 

Lego,  W.Va 77 

mine  and  earsamples 87 

Lehigh,  Okla 43 

Lehigh  Valley  No.  2  mine  (Pa.) 48 

Lehigh  Valley  No.  IS  mine  (Pa.) 48 

Leightonmtne(Md.) 32 

Lcith,N.Dak. 41 

Lennut,Ky 20 

Lenoremine(Pa.). 52 

Lenore  No.  1  mtiie  (Pa.) 40 

LenoreNo.2mlne(Pa.) 49 

Lenox  bed  (Golo.) 19 

Lester,  Cok) .....1 10 

Lester,  W.Va..: 78 

mine  and  care  samples. 8T 

Lester  mine  (Coie.) 19 

Lester  Smokeless  mine  (W.  Va.) 78 

Levan(Tenn.).< 68 

Levi  Berkey  mine  (Pa.) 51 

Lewis-Finley  No.  1  mine  (W.Va.) 60 

Lewis,  Mo. ^ 

Lex,  W.Va W 

Lexington,  Mo 84 

Lexington  bed  (Mo.) 38-35 

Lick  Branch,  W.  Va. 73 

mine  and  car  samples .86 

Lick  Fork,  W.  Va 60 

Lick  Fork  No.  1  mine  (W.Va.) •     69 

Lick  Pork  Ne.  2  mine  (W.Va.) 60 

Liggett,  Ind 26 

Lignite,  aa^fmlbtUty  of ^  17, 

82, 30^, «,  41, 45, 83, 60, 62, 82 

LigniteCreek(AlMka) "    17 

Ligon  strip  pit  (Okla.) 43 

Llgonier,  Pa. .»      53 

LUly>Pa..:.'.. 47 

Iillybiook,W.Va. » 

mine  and  oar  samples 87,88 

Lillybrook  No.  1  mine  (W.Va.) 78 

mine  and  ciar  samples 9f 

LlUybrookNo.2mlne(V.Va.) 77 

Lillybnwk  No.  8  mine  (W.  Ta.),  mine  and 

earsamples 88 

Lilly  mine  (W.  Va.),  mine  and  oar  samples. .  88 

Lincoln  Ne.  1  ndne  (Pa.) 47 

mine  and  car  samples 85 

LinelslandeealbaikCW.  Va.) 71 

Linmermlne(Pa.) SI 

Linton,  Ind 28 

Litten,Wa8h. 67 

litUe  Alleghany,  Md. 81 

little  bed  (Va.) 68 

UtUe  Bed  (W.Va.) 76 
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little  Brushy  mine  (Tenn.) 58 

UtUe  Pittsburgh  bed  (Pa.) 82 

Little  Thacker  mine  (W.Va.) 30 

Littleton,  Ala M 

Little  Vermillion  mine  (111.) 25 

Litton,  Tenn «,» 

Llanlair,Pa 47 

Lochgelly,  W.  Va. « 

mine  and  car  sample. S6 

LochgeUy  mine  (W.Va.) 65,85 

Lock  Haven,  Pa. 40 

Lochrie  Arrow  mine  (Pa.) 52 

mine  and  car  samples 86 

Locke,  C.  B.,  acknowledgement  to 1 

Locast,Pa ~ 50 

Locust  Grove  No.  1  mine  (W.  Va.) 09 

Locust  Grove  No.  2  mine  (W.Va.) 96 

Locustmine  (Pa.) 06 

Lodgegrass,  Hont 35 

Lodgepole,  8.  Dak 53 

Logan  No.  6i  mine  (Pa.) 47 

Logansport  P.  O.,  Pa 46 

liog  Mountain  bed  (Tenn.) 65 

Log  Mountain  Na  1  mine  (Ky.) 27 

Log  Mountain  No.  52  (Ky.) 27 

Lombard,  Mont 35 

Lonaooning,  Md 31,32 

Ixmgacre,  W.  Va 60 

Long  Branch,  W.  Va 60 

mine  and  car  samples 85,86 

Long  Branch  Na  1  mine  (W.  Va.) 60 

mine  and  car  samples 85-86 

Long  Branch  Na  2  mine  (W.Va.) 60 

mine  and  car  samples 86 

Long  prospect,  mine  (Tenn.) 50 

Long  Prospect,  mine  (Tenn.) 50 

Long  Ridge  mine  (Tenn.) 67 

LongVaUey,Pa 47 

Long  Valley  mine  (Pa.) 47 

Loei,Wyo 84 

Lorado  No.  1  mine  (W.  Va.) 71 

Lord,  N.  W.,  work  cited 1 1 

Lord  bed  (Colo.) 21 

LordVinage,Md 31 

LoreCity,Ohio 42 

Lost  Creek,  W.Va 71 

Lost  Spring,  Wyo 82 

Lothair,Ky 20 

Lou  Creek  bed  (Colo.) 21 

Lou  Creek  mine  (Cok>.) 21 

Louisville,  Colo 18 

Louisville  No.  1  (W.Va.) 75 

LouisviDeNa2(W.Va.) 75 

LoveJoy,Tenn 50 

Lower  Acme  bed  (Colo.) 18 

Lower  Banner  bed  (Va.) 63-65 

Lower  Banner  No.  1  mine  (Va.) 65 

Lower  bed  (Colo.) 20 

Lower  bed  (Utah) 61 

Lower  Big  Muddy  bed  (Wya) 82 

Lower  Boning  bed  (Ky.) 20 

Lower  Boning  bed  (Va.) 66 

LowerBumedbed(Wya) 82 

Lower  Dean  bed  (Tenn.) 54 

Lower  Elkhom  bed  (Ky.) 20 

Lower  Freeport  bed  (Md.) 31 


Lower  Freeport  bed  (Ohio) » 42,43 

Lower  Freq;Mrt  bed  (Pa.) ' 4A^^a 

Lower  Freeport  bed  (W.Va.) 71 

Lower  Hartshome  bed  (Ark.) 17 

Lower  Hartdiome  bed  (Okla.) 44 

Lower  Hignite  bed  (Ky.) 27 

Lower  Kittanning  bed  (Md.) 31,32 

Lower  Kittamiing  bed  (Ohio) 42-13 

Lower  Kittamiinc  bed  (Pa.) 45-52 

mine  and  car  samptes 8S 

Lower  Kittanning  bed  (W.Va.) 71,76 

Lower  Meroer  bed  (Pa.).   iSee  No.  3.  bed. 

LowerNaSbed  (Alaska)..... 1ft 

Lower  Rich  Hin  bed  (Ma) 33 

Lower  Seaboard  bed  (Va.) M 

Lower  Seam  mine  (Tenn.) 58 

Lower  Standilbrd  bed  (Va.) 20 

Lower  Vein  bed  (Pa.) 51 

Lower  Wetr-Pittsburg  bed  (Mo.) 33 

LoyalHannaNa6mine(Pa.) 51 

Lucasand  Smith  mine  (Utah) 61 

Lucerne  Nal  mine  (Pa.) 50 

Lucerne  Na  8  mine  (Pa.) 05 

LuoewOfPa S3 

LaoeBOomine(Pa.) 53 

Luke,Md 31 

Ijumberton,  N.  Mez 39 

LykenHiUmineCVa.) 63 

Lynwin  mine  (W.  Va.) 78 

M. 

Mbed(Mont.) 35 

Mabsoott,  W.  Va 78 

Mabooottmine(W.  Va.) 78 

MeAlester.Okla 44 

MflAle8terbed(Okla.) 43.44 

MoAlester-Edwaids  Na  1  mine  (Okia.) 44 

MeAlpin,W.Va 78 

mine  and  car  samples 88 

McAlpin  mine  (W.Va.) 78 

MeAlpin  No.  1  mine  (W.Va.) 80 

Mc(3aUum  mine  (Colo.) 10 

McCauley  bed,  Alaska 16 

McCauley  prospect,  Alaska 16 

McClainndne(Ohio) 42 

McComaSfW.Va 75 

McConnenbed(Va.) 63 

McCullohmlne(Md.) 32 

McCurtaln,Okla 43 

McCurtainbed(Okla.) 43 

McDowell,  W.Va 73 

McDowell  mine  (W.Va.) 73 

McOarey,Pa 51 

McQees  Mills,  Pa 40 

McGregor,  Colo 22 

McGuffey  mine  (Wyo.) 83 

McGuire,  Ck)]o 10 

McHenry,  Ky 20 

McHenrymine(Ky.) 20 

McKdl  mine  (W.Va.) « 

MeKinley  mine  (Wya) S2 

MacktoQ  bed  (Mont.) 36 

MacktOQ  mine  (MoDt.) 36 

McLean  mine  (Tenn.) SO 

McLean  Siding,  Tenn SO 

MeNeU-Herronooaibank  (W.Va.) 71 
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McNeU  No.  1  mine  (Cola) 22 

McNeil  No.  3  mJne  (Colo.) 22 

McNattmineCOkla.) 45 

Macoo,  Mo 34 

McQnade  Station,  W.  Va 78 

McRoberts,  Ky 29 

McTavlsh  and  Bailey  mine  (Pa.) 49 

MadisQOvine,  Ky 28 

Madrid,  N.Mex 40 

Magdalena,  N.  Mex 40 

Magnet  bed  (Colo) 19 

Magnet  mine  (Colo.) 19 

Magnet  mine  (Ky.) 27 

MancoSyColo 20,21 

Mahaffey,  Pa 49 

Maliafleymlne(Pa.) 40 

Maber  mine  ( W.  Va.),  mine  and  car  samples.  87 

Mahoning  bed  (Ohio) 42 

Mahonlngbed(W.Va.) 71 

Main  Island  Creek  No.  5  mine  (W.Va.) 71 

Main  Mountain  mine  (Tenn.) 53 

Maitland,  Colo 19 

Miaitland  bed  (Alaska) 16 

Maitland  mine  (Colo.) 16 

Majestic,  Ala 14 

Majestie  mine  (Ala.) 14 

Malone  mine  (Ohio) 42 

Malta,  Mont 37 

Mammoth  bed(Co]o.) 19 

Mancofl  bed  (Utah) 61 

Manhaven,  N.  Bak 41 

Manhaven  bed  (N.  Dak.) 41 

Manring,  Tenn 55 

Manufactorers  Na  1  mine  (Mo.) 32 

MarceUne,Mo 34 

Maroelllas  (N.  Mex.) 40 

Margaret  No.  1  mine  (Ala.) 14 

Margaret  N  o.  2  mine  ( Ala. ) 14 

MartoB>Anna  mine  (Tenn.) 55 

Marquette,  lU 23 

Marquette  No.  1  mine  (III.) 23 

Marr  mine  (Colo.) 19 

MartpVa 62 

Martin  coal  bank  (W.  Va.) 71 

Martlng,W.Va 69 

Martlnsboig,  Mo 33 

Martinsburg  No.  1  mine  (Mo.) 33 

Martins  ferry,  Ohio 41 

Marvel,  Ala 14 

Marvel  mine  (Ala.) 14 

Maryland,  coals  from,  classification  of. 11 

mine  and  car  samples 13 

See  dUo  beds,  mines,  and  towns  named. 

Maryland  mine  (Md.) 32 

Maryland  mine  ( Pa. ) 48 

Mary  Lee  bed  (Ala.) 14,15 

Marytown,  W.  Va 73 

Marytown  mine  ( W.  Va.) 73 

Mashel  mine  (Wash.) 67 

Mason  bed  (Ky.) 27 

Matanuska,  Alaska 17 

Mater,  Ky 29 

Mathervllle,  HI 24 

Matewan,  W.  Va 75 

Matoaka,W.  Va 75 

Max  Meadows,  Va 66 


Page. 

Mayer  No.  9  mine  (Kans.) 27 

Maylene,  Ala 15 

Maylene  bed  (Ala.) 17 

Maylene  mine  (Ala.) 17 

Meade  No.  1  mine  (W.Va.) 77 

Mead'Pocahontas  mine  (Va.) 66 

Meadow  bed  (Va.) 65 

Meadow  Branch  mine  (Tenn.) 55 

Mead-Pocohontas  mine  (W.Va.) 81 

Medicine  Bow,  Wyo 81 

Medicine  Lake,  Mont 38 

Meeker,  Colo 21 

Meeker  mine  ( Colo. ) 21 

Meeteetse,  Wyo 83 

Meigs  Creek  bed  (Ohio) 41,43 

Melbourne,  Mo 33 

Melmont,  Wash 67 

Melmont  mine  (Wash.) 67 

Mendenhall  mine  (S.  Dak.) 53 

Mendota,  Mo 35 

Mendota,  Wash 67 

Mendota  mine  (Wash.) 67 

Mendota  No.  2  mine  (Mo.) 35 

Mercer  bed  (Md.) 31,32 

Merrimac,  W.  Va 75 

Merrimac  mines  (Va.) 63 

Merrimac  prospect  (Va.) 63 

Mertens,Md 31 

Mertens  mine  ( Md .) 31 

Mesa  Verde  bed  (Wyo.) 82 

Metalton,  W.  Va 78 

Mejrers  bed  ( Oreg. ) 45 

Meyers  prospect  (Oreg.) 45 

Middle  bed  (N.  Dak.) 41 

Middle Eattaning  bed  (Ohio) 42,43 

Middle  Kittanlng  bed  (Pa.) 46,47,49^1 

Middle  Klttaning  bed  (W.Va.) 71,76 

Middle  Ridge  mine  (Tenn.) 53 

Middle  Seaboard  bed  (Va.) 64 

Middle  States  mine  (W.Va.) 73 

Midland,  Md 31 

mine  and  car  samples 85 

Milan,Mo 35 

Milan  No.  1  mine  (Mo.) 35 

Milbum  prospect  (Utah) 61 

Milhoan  mine  (Ohio) 41 

MiU  Creek,  W.Va 80 

MOlCreek  mine  (W.Va.) 69 

mil  Creek  No.  1  mine  (W.Va.) 70 

MIU  Creek  prospects  (Tenn.) 56 

MiUerandQreeneNo.  lmine(Md.) 31 

MfflerNo.  lmlne(Pa.) 47 

Miller  Pocahontas  mine  (W.Va.) 80,81 

Millers  Creek  bed  (Ky.) 28,29 

Millsop  mine  (Mont.) 36 

Mmsstrippit(Okla.) 43 

M]lner,CQlo 22 

MilncrbedCVa.) 64 

MUner  prospect  (Va.) 64 

Mtodcn,W.Va 70 

Mhiden  mines,  Mo 33 

Mhiden  No.  2  mine  (W.  Va.) 70 

MlndenNo.3mIne(W.Va.) 70 

MlndenNo.4mlne(W.Va.) 70 

MindenNo.6mine(W.Va.) 70 

Mingo  bed  (Tenn.) 56 
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lf!iiCoNo.4miiie(TaBn.) 55 

lCixi«bNo.5iiiiiie(Tten.) 55 

Himiie  B«Q  mine  (W.  Va^) ZO 

mine  and  ear  aunplflB 8S 

HinabanbedClDd.) 26 

IfiaquanyCtaiAf  bed  (Wash.) C7 

Missoula,  Iff ont 17 

IfiasooriyOoalsfrmnydassificmtiaaot 11 

See  Mlao  beds,  mines,  and  towns  named. 

UiaBocniCity.Mo S 

lffis80iiEieit7No.lmine(Ma) 32 

Mistletoe,  W.Va 78 

MltciMnbed IS 

MitcheO  mine  (Colo.) IS 

Mit«Mlmine(Wyo.) » 

Moberi7,Mo 35 

UoMey  mine  (Ohio).. ^ 43 

Model  mine  (Wyo.) 83 

Modoc  No.  1  mine  (W.Va.) «5 

Modoc  No.  2  mine  (W.Va.) 7» 

Maliawkbed(Va.) <Q 

Mohawk  No.  1  mine  (Va^) 63 

Mohawk  No.  2  mine  (Va.) 63 

Mdybdenam- wire  reistance  ftiinace,sectlan  of       9 

use  of 9 

Monarch,  Wyo 84 

Monardi  bed  (TemL) 64 

Monarch  bed  (Wyo.) 84 

Monarch  mine  (Tenn.) 54 

Monarch  mine  (Wash.) 67 

Monarch  mine  (Wyo.) 48 

Monarch  No.  2  mine  (Colo.) 18 

Mandak,MQQt 38 

Moo£ro,N.Mex 80 

Manida,(^o 33 

MonoDffUi,  W.  Va 74 

MonongBhda  (Sty ,  Pis 53 

Monroe  No.  1  mine  (Md.) 31 

Monroe  No.  2  mine  (Md.) 31 

Montague  No.  1  mine  (Tenn.) 50 

Montagae  No.  3  mine  (Ton.) 50 

Montagne  No.  6  mine  (Tenn.) 50 

Montana,  ooals  from,  ciaasificfttion  of 12 

lignite  from,  classiflcatioo  of 12 

See  alM  beds,  mines,  and  tewns  named. 

Montana  StaUan,W.Va 74 

Montea,Md 31 

Monten  Tunnel  mine  (Md.) 31 

Monterey,  Fe 48 

Monterey,  Tenn 50 

Monterey  mine  (Pa.) 48 

Monterey  mine  (Tenn.)... 50 

MontevBllobed(Ala.) 15 

Montesuma  bed  (Wash.) 67 

Montezuma  mine  (Wash.) 67 

Montgomny  mine  (Olio.) 21 

MontgQmeryTi]lemine(Pa.) 46 

MoBtlake,  Tenn 57 

MentUike  mine  (Tenn.) 57 

Mont]akeNo.4mine(Tenn.) 57 

Moorcroft,  Wyo 81 

Moore  mine  (Ohio) 43 

Moose  Creek,  Alaska 17 

Mora,W.Va 75 

Morco,W.Va 78,81 

MergaBbed(Pa.) 58 


ao 

mbmCKj.) 9 

Morgan  Springs  bed  (Tenn.) 51,56 

Mori^ntown*  Ky 27 

Motley,  Colo » 

Moriey,Tenn 55 

Moriey  mine  (Colo.) 30 

Mormon  mine  (Cola) 30 

Morning  Okry  mine  (Tenn.) SB 

Morris,  Ala 14 

Morrisdale,Pft « 

MoRtodaleNo.lmine(Pa.) « 

Moniadale,Na2mine(F^) « 

Morri9daleNo.3mine(F^) 48 

Morrison,  Colo 30 

Morrison,  Md 31 

MorrisRun,  Pa 53 

Morris  Smokeless  No.  1  mine  (W.  Va.) 81 

Morton,  Wash 67 

MoBby  bed  (Cola) IS 

Mosby  mine  (Colo.) 18 

Na8mine(Md.) 31 

ionbed(P)i.) 4» 

MoshamionNo.lOmme(P^) 48 

Mound  mhie(W.Va.) 74 

Monndsyffle,W.Va 74 

Mount  Carbon,  (>ilo U 

Mount  Ephraim,  Ohio 43 

Mount  Harris,  Colo 22 

Mount  Harris  mine  (Colo.) 22 

Mount  Hope,  W.  Va 70,75 

mine  and  car  samples '    86 

Mount  Savage,  Md 31 

Mount  Savage  bed  (Md.),  See  Meroer  bed. 

Mount  Streeter,(^o..;. 21 

Mowry  mine  (Cola) 21 

Mod  Slip  bed  (Tenn.) 50 

Mulberry,  Kans 37 

Mulberry  bed  (Ma) 33 

Mnlga,AIa 14 

Mulga  mine  (Ala.) 14 

MuIkybed(Ma) 3M6 

Mullens,  W.Va 81 

Mullens  mine  (W.Va.) 81 

Mullens  Smokeless  mine  (W.Va.) 81 

Mnllinmine(Ky.) 29 

'Munson,  Pa 49 

Munts  mine  (Pa.) 47 

Mutual  mine  (Colo.) 19 

Myers  bed  (N.Mex.) 30 

Myersmine  (N.  Mez.) 30 

N. 

Nanty  Olo,  Pis 47 

niineandcaraunpleB 8S 

Napoleon,  Mo 34 

Natural  coke, ash,  Ikisibmtyol 17.62 

Nav^iomhie  (N.Mex.) 30 

Nav^io  No.  ImhM  (N.Mex.) 30 

Navajo  No.  2  mine  (N.Mex.) 30 

Neal  mine  (W.Va.) 78 

mine  and  car  samples 87 

Nea]8mine(Pa.) 46 

Nealy,Pft 47 

Nealymhie(PaL) 47 

Nebo,Ky 38 
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NebomliMCKsrO 28 

Nelson  bed  (Tenn.) 50,59 

Nelson  mine  (8.  Dak.) 53 

Nelson  mine  (Tom.) 50 

Nemo,  Tom 58 

Nenana  River  (Alaska) 17 

NethkinmineCMd.) 31 

Neva  mine  (Pa.) 52 

Nevada  mine  (Nev.) 38 

New  Acme,  Wyo 84 

New  Acme  mine  (Wyo.) 84 

NewCa8ae,(^o 19 

Newoomb^Temi 55 

Newcomemine(Ky.) 27 

Newcombmlne  (8.  Dak.) 53 

New  Cumberland,  W.  Va 71 

New  England  No.  1  mine  (Tenn.) 58 

New  Etna  No.  1  mine  (Tenn.) 57 

New  Etna  No.  2  mine  (TeoQ.) 67 

New  Field  No.  1  mine  (Pa.) 40 

NewhaU,W.Va 73 

mine  and  car  samjdes 87 

New  Home,  Mo 33 

New  Home  No.  1  mine  (Mo.) 33 

New  Hoglies  mine  (Ky.) 29 

Newland,  Temi 59 

Newman  prospect  (TemL) 59 

New  MesJDO,  coals  fhmi,  dassiflcatlon  of. 12 

8u  alto  beds,  mines,  and  towns  named 

New  Meadoo  mine  (N.Mez.) 40 

New  mine  (Pa.) 52 

New  Monarch  mine  (Wyo.) 88 

Newport  bed  (Oreg.) 45 

New  Prospect  (Tenn.) 50 

New  River  mine  (Tenn.) 53 

New  River  mine  (W.Va.) 71 

New  Salem,  N.  Dak 41 

New  Salem  No.  1  mine  (N.  Dak.) 41 

New  Salisbury,  (Ohio) 42 

New  Somerset  mine  (W.Va.) 43 

New  State  strip  pit  (Okla.) 45 

Niblock  mine  (Wash.) 08 

Nichol  mine  (W.Va.) 09 

mine  and  car  samples 85 

Nicholson  mine  (Ky.) 28 

Nicholson  mine  (Ohio) 43 

NichoIsanNo.2mine(Teim.) 55 

Nickel  Plate  bed  (Ala.) 14 

Nipper  and  Monroe  mine  (N.  Dak.) 40 

Noble  mine  (Ohio) 43 

Nora,Va Oi 

Nora  Mins  mine  (Va.) (Q 

Nora  mine  (W.  Va.) 72 

Norfolk  mine  (W.Va.) 73 

Norrismine(Pa.) 49 

North  and  South  mine  (W.Va.) 09 

North  Dakota,  lignite  ftrom,  dassifloatlon  of. .  12 

See  aleo  Beds,  mines,  and  towns  named. 

Northern  Central  No.  2  mine  (Mo.) 35 

North  Fork  bed,  (Va.) 03 

North  Fork  mine  (Ky.) 28 

North  Main  mine  (Ky.) 28,30 

North  No.  2  mine  (W.Va.) 09 

North  Pittsburgh  Realty  mine  (Pa.) 47 

North  Pole  mine  (Tenn.) 59 

North  Side  mine  (Mont.) 85 

69357*^—22 8 


Page. 

North  Tunnel  mine  (Utah) .  01 

Northwestern  No.  9  mine  (Mo.) 34 

Norton,  Va. 06 

Norton  No.  1  mine  (Ky.) 28 

Norton  No.  2  bed  (Va.) 05 

Norton  No.  2  mine  (Va.) 05 

Norton  No.  4  mine  (Va.) flg 

Nortonville,  Ky 25 

Novinger,Mo 82 

No.  1  bed  (Alaska) 17 

No.lbed(I]L) 24 

No.lbed(Ky.)   <9ee Millera Croek bed. 

No.  1  bed  (Mont.) 37 

No.  1  bed  (N.  Mex.) 89 

No.  1  bed  (Utah) OO 

No.lbed(Va.) 03 

No.  1  bed  (Wash.) 00,07,08 

No.  1-A  mine  (Utah) oi 

No.  1  bed  (W.Va.).    iSm  Eagle  bed. 

No.  1  Coking  bed  (Wash.) 67 

No.  1  mine  (Ky.) 28,30 

No.  1  mine  (Mo.) 33 

No.  1  mine  (Va.) 05 

No.  1  mine  (W.  Va.) 72 

No.  1  upper  bed  (Wyo.) 84 

No.  2  bed  (Alaska) 10,17 

No.  2  bed  (Colo.) 19 

No.2bed(IlL) 24 

No.  2  bed  (Mont.) 35 

No.  2  bed  (N.  Mex.) 39 

No.2bed(Utah) 60 

No.2bed(Va.) 03 

No.  2  bed  (Wash.) 00,07,08 

No.2Abed  (Va.) 63 

No.  2  Coking  bed  (Wash.) 07 

No. 2 Oas bed  (W.Va.) 09-71,75 

mine  and  car  samples 80 

See  aleo  Rowe  bed. 

No.  2  mine  (Mont.) 35 

No.  3  bed  (Alaska) 18 

No.8bed(Ind.) 20 

No.  8  bed  (Mont.) 85 

No.  3  bed  (N.  Mex.) 89 

No.  3  bed  (Pa.) 40 

No.3bed(Va.) 03 

No.  3  bed  (Wash.) 00-68 

No.3ibed(N.Mex.) 89 

No.  3  Coking  bed  (Wash.) 07 

No.  8  mine  (W.  Va.).    See  Nora  mine. 

No.  4  bed  (Alaska) 10 

No.4bed(Ind.) 25,20 

No.  4  bed  (Ky.).    See  Fireclay  bed. 

No.  4  bed  (Mont.) 35 

No.  4  bed  (Pa.) 40,51 

No.4bed(Temi.) 59 

No.  4  bed  (Wash.) 00,67 

No.  4  mine  (W.Va.).   ;9«Mahermine. 

No.6bed(IU.) 23-25 

No.5bed(Ind.) 25,20 

No.  5  bed  (N.  Mex.) 39 

No.  5  mine  (Tenn.).   See  Klondike  mine. 

No.5bed(Va.) 68 

No.  5  bed  (Wash.) 66,67 

No.  6  bed  (W.Va.) 69,71 

No.  5  bed  (Wyo.) 83 

No.  5|  bed  (Alaska) 16 
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Nou4bedfJai*») 

mme  and  cat 

N<vftted(Iiid.) 

Nou8ted(K7.) 

NouftbedrPlk.). 

NafttedfVa.) 

XaTbedrilL) 

Ncu  7  bed  ( Ky.),  A^  niC 

NaTminedid.) 

Na  7  bed  (Ohio).    5«tf  rp|Mr  f^Mpdrt. 

So,7\>tA(Fm.y. 

Nou7bed(Va.> 

NoL7bedCWadi.) 

No.7bcdrW70L) M 

Xo^8bed(AJHka) If 

NaSbedrOhio).  5«  Pmrinrgli bed. 

NoL9bed(A]MfcB) H 

No.9bed(K7.) »^ 

Xa  9bcd(Wadi.) f7 

NaflObedCWMh.). 68 

NoLlObed(K7.) 30 

Na  10  D  bed  (Wtth.) 68 

Na  11  bed,  (Kj.) 28,30 

No.  11  bed  (WMlk.) 67 

NaUbed(Wja) 81 

Nal2bed(K7.) 28,30 

Na  14bed(K7.) 28 

No.l4eDllier7(Pa.> 51 

Na22miiie(W.yA.).  5er  Hoirjr  miiie. 
Na43iiiiiie(W.Vs.).  5«t  KJeDpCan  fldne. 

Nmxiially  strip  pit  (CHda.), 4S 

Njsaa,  Ong, 45 

Oak  Creek,  Colou. 22 

Oakdale,  Tom- SB 

OakdaJemine,  rc<rfo.j 19 

Oakdale  No.  1  mine  ^roio.; 19 

Oakes  Station,  Pa. 51 

OaklaDd,  Md. 32 

Oakfey^Cfirfou » 

r^akmiDe^^Pa.) 46 

(yakmaat,  W.  Va. 75 

f}9kmtMt  mine  <  W.  Va.; 75 

Oak  ~t%tioD,  Pa. 46 

r>ak%iew,  Colo. 19 

r^akvrood,  W.  Va. TD 

OakwoodminerW.  Va TO 

Oh^ty  City,  TMm 59 

0»*:y  Fit ver  mine 'Tenii.) 56 

f tenon,  Md 35 

O'F^jJon,  IIL 25 

0'r,araNo.3iiiiii«aU.) 25 

0'r;ara  No.  4  mine  (lU.; 25 

r>'ryarBNo.9iiiiiie<IlL; 25 

Ohio,  ccalt  from,  eiaaeifkiatkmoL lo 

ffn  alto  beds,  ndnea,  and  towns  named. 

Ohio  Valley  mine  (Kyo 30 

Oklahoma,  eoale  from,  Haariflfatigp  of ii 

He€  aim  beda,  mines,  and  town* named. 

Old  Abe  bed  (N.  Mex.) m 

Old  Abemlne  )N.  Mez.(...... 39 

Old  BenNo. SmInedIL)..... 23 

Old  Ben  No.  9 mine  (111.) 23 

Old  Ben  No,  10 mine  (111.) 23 

OldBeaNallfflina(m.> 28 


ddClaneffinmiaaf'tanL). S: 

OldDanrtsCiaikmiaaCTtaB.). 54 

OUE^^IibedrtanL.) SS 

ouEtMbedrsBBLV— s: 

OUEtaaNoLlaiBeritaa.) 57 

Oldpraipect(Onf.V~ « 

OldSkpeBiiM(Otla.)L 43 

OU^icBecraiiBaCCfliaL) n 

OUStaBbaiiMCnaL). 57 

OldVlislBiaNoL3aiiBa(Va.) 63 

CW.Ta.) i2 

(Va.) '.'.'.  62 

53.  S 

r,  W.  Va. n 

Oneida  BHie  (Pa.). U 

O^cilmiiieCKy.). 29 

Onyen  mine  CVryta) 81 

Opheim,  MonL 38 

Opheim  bed  (Moot.). 3S 

OpaaBamJavmine(Tten.) SB 

OR^on  Na  2mine  (ir.  Va.), 74 

OR9mNa3mine(ir.  Va.) 74 

Onait,I]l.. 23 

mine  and  ear  samples SS 

Orient  mine  (HL) 23 

Onne,Tiema. 57 

OfrisNalmine(Ma) 35 

Osaka,  Va. 65 

Osaka  mine  (Va.) 65 

Osceola  ifilis.  Pa 48 

Osw»kl,W.Va 78 

Oswald  mine  (W.Va.).    9w  Oswald,  W.Va. 

Oswego^  T^enn.... 55 

Otero  bed  (N.lfer.) m 

Olseeo,W.Va 81 

mine  and  ear  samplBB 89 

Otsego  mine  (W.Va.) 81 

Overton  mine  (Tenn.) 59 

Owensbero,  Ky 28 

Owen'»miDe(Va.) S3 

Oiooe,Ttenn 56 

P. 

Ptak'sBraBeh  mine  (W.Va.) 70 

Page,  W.Va 70 

Pige  mine  (W.Va.) 70 

Page  Nal  mine  (W.Va.) 70 

Page  Na  2  Oaa  mine  (W.Va.) 70 

Fainted  Rock,  If  ont 37 

Print  Bock  bed  (Tenn.) 59 

Paint  Rock  mine  (Tenn.), S9 

Pabner,  Tten. 56 

Pfe]as,Ala 14 

PkloB  mine  (Ala.) 14 

PHia,IU.... 3^ 

Puiama,Ill M 

Panama,  Mo 35 

Panama  bed  (OUa,) 43,41 

Panama  mine  (Ky.) 29 

Panama  mine  (W.Va.) 74 
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Paneoast,  Pa 51 

Pancoastiiiine(Pa.) 51 

Panther  mine  (Utah) 00 

Panther  No.  2  mine  (Tenn.) 57 

Paradise  mine  (m.) 25 

Pardee,  Va 65 

l»ardeebod(V8.) 65 

Pardee  mine  (Va.) 55 

Pardee  No.  1  mine  (Va.) 65 

Pardee,  Pa 51 

Pardee  mine  (Pa.) 51 

Paris,  Ark 17 

Paris  bed  (Ark.) 17 

Parker,  Pa 48 

Parker  bed  (Md.).    5m  Clarion  bed. 

Parker  mine  (Md.) 31 

Parker  Ron  mine  (W.  Va.) 74 

Parks  No.  1  mine  (Ma) 33 

Parlett  mine  (Ohio) 43 

Parrish,Ala IS 

Parrish  mine  (Ala.) 15 

Parrott,Va 63 

Parrott  mine  (Va.) 63 

Parsons,  Ala 14 

Parsons  bed  (Va.)    See  Pardee  bed. 

Patrick  mine  (Va.) 64 

Patterson,  No.  2  mine  (Pa.) 46 

Patton  mine  (Kans.) 27 

Pawama  No.  1  mine  (W.  Va.) 75 

Pawama  No.  2  mine  (W.  Va.) 75 

Pa.x,W.Va 70 

Pax  Branch  mine  (W.  Va.) 70 

Peacock  bed  (Colo.) 20,21 

Peacock  bed  (N.  Mex.) 40 

Peacock  mine  (Tenn.) 59 

Peacock  prospect  (N.  Mex.) 40 

Peerless  bed  (Colo.) 20 

Peerless  No.  1  mine  (Pa.) 47,48 

Peerless  No.  2  mine  (Pa.) 48 

Peerless  No.  3  mine  (Md.) 31 

Peerleess  No.  4  mine  (Pa.) 47 

PeeWee  mine  (Block,  Tenn.) 54 

PeeWee  mine  (Caryville,  Tenn.) 54 

Pemberton,W.  Va 78 

mine  and  car  samples 88 

Pemberton  mine  ( W.  Va.) 78 

Pemberton  No.  1  mine  (Tenn.) 59 

Penitentiary  mine  (Kans.) 27 

Pennington  Gap,  Va 63 

Penn  Lee  No.  1,  mine  (Va.) 63 

Penn  Lee  No.  4,  mine  (Va.) 63 

Pennsylvania,  coals  from,  dassiflcation  of . . .  10 

mine  and  car  samples 13 

Su  alto  beds,  mines,  and  towns  named. 

Pennsylvania  No.  11  mine  (Pa.) 47 

Pennsylvania  No.  12  mine  (Pa.) 47 

Pennsylvania  No.  15  mine  (Pa.) 47 

Pennsylvania  No.  21  mine  (Pa.) 48 

Pennsylvania  No.  22  mine  (Pa.) 48 

Pennsy  mine  (Pa.) 51 

Paiob8Cottmine(Pa.).« 53 

Perlns,Colo 20 

Pttins  Peak  mine  (C^o.) 20 

Perkins  Branch,  mine  (Tenn.) 54 

PetPos,Tenn 53,58 

Petros  No.  5  mine  (Tenn.) 58 


Page. 

Fharis  No.  1  mine  (Ma) 1 33 

Philipsbnx^,  Pa 49 

Phillips,  Okla 43 

FhilUps mine  (Tenn.) 59 

Phillips  mine  (S.  Dak.) 53 

FhUlipston,Pa 48 

Plctoa,C61o 19 

PlctoQ  mine  (Colo.) 19 

Piedmont  mine  (Colo.) 20 

Piedmont  mine  (Tenn.) 53 

Piedmont  mine  (W.Va.) 75 

Pierce  mine  (Mont.) 37,38 

PlggNo.lmine(Mo.) 34 

Pike  View,  Colo 18 

Pike  View,  mine  (Colo.) 18 

Pikevme,Tenn 54 

I^ckneyville,!!!. 25 

PineCreek  Pass  mine  (Colo.) 23 

Pinehill,Pa 62 

Piney  Creek  mine  (W.Va.) 80 

Piney  Creek  No.  1  mine  (W.Va.) 79 

Piney  Fork,  Ohio 43 

Piney  Fork  No.  1  mine  (Ohio) 43 

Piney  Fork  No.  2  mine  (Ohio) 43 

Piney  mine  (W.Va.) 72 

Pinnacle  bed,  (Colo.) 22 

Pinnacle  mine  (W.Va.) 76 

Pinon  mine  (Colo.) 19 

Pinson,Ala 14 

Pioneer,  Tenn 55 

Pioneer  bed  (Tenn.) 55 

Pioneer  Jellico  mine  (Tenn.) 66 

Pioneer  mine,  (Ky.) 27 

Pioneer  mine  (Tenn.) 55 

Piper,  Ala 14 

Piper  No.  1  mine  (Ala.) 14 

Pittsburg,  Kans 27,33 

Pittsburg,  Ky 29 

Pittsburg,  Okla 44 

Pittsburgh,  Wash 68 

Pittsburgh  bed  (Md.) 31 

mine  and  car  samples. 85 

Pittsburgh  bed  (Ohio) 41-13 

Pittsburgh  bed  (Pa.) 46,50,53 

Pittsburgh  bed  (Wash.) 68 

Pittsburgh  bed  (W.  Va.) 69,74-76 

Pittsburgh  mine  (Wash.) 68 

Plttsley  mine  (N.  Dak.) 41 

Pittston,Pa 51 

Pittstonbed(Pa.) 51 

PIacita,Colo 21 

Pladta  mine  (Colo.) 21 

Plentywood,  Mont 37,38 

Plum  Aun  No.  5  mine  ( Ohio) 43 

Plunkett  and  Wall  mine  (Va.) 63 

Plymouth,  m 24 

Pocahontas,  Okla 44 

Pocahontas,  Va 64 

mine  and  car  samples 85 

Pocahontas,  (W.Va.),  mine  and  oar  samples.  86 

Pocahontas  No.  1  mine  (Okla.) 44 

Pocahontas  No.  3  bed  (Va.) 64 

mine  and  car  samples 85 

Pocahontas  No.  3  bed,  (W.Va.) 72-81 

Pocahontas  No.  3  mine  (W.  Va.)  mine  and 

carsamples. 86-89 
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Pocahontas  No.  4  bed  (W.Vft.) 73-75 

Pocahontas  No.  6  bed  (Va.) 04 

Pocahontas  No.  5  bed  (W.Va.) 72,73 

Pocahontas  No.  6  bed  (W.Va.) 75,78,81,88 

Poclcett,Va 63 

Pond  Creek  mine  (HI.) 25 

Poonnan8iteniine(Pa.) 48 

Pope,  0. 8.,  work  dted 10 

Poplar  Creek  bed  (Tenn.) 58 

Poplar  Creek  mine  (Tenn.) 58 

Poplar  lick  bed  (Ky.) 27 

P(^>lar  Lick  bed  (Tenn.) 55 

Port  Graham,  Alaska 15 

Portgage,  Pa 47 

Potts  Ron  No.  3  mine  (Pa.) 49 

Powell  mine  (N.  Dak.) 41 

Powhatan  mine  (Tenn.) 55 

Prater,  Va 02 

Prather  No.  1  mine  (Mo.) 33 

Pratt  bed,  (Ala.) 14 

Pratt  mine  (Md.) 31 

Prendergast  mine  (W.Va.) 70 

Pressly  mine  (W.  Va.) 72 

Price,  Utah 01 

Price  Hill,  W.Va 78 

Price  Hin  mine  (W.Va.) 78 

Price  Sexton  mine  (Mont.) 30 

Primero,Colo 20 

Primero  bed,  (CMlo.) 20 

Primeromine(C6lo.) 20 

Prince  Wick,  W.  Va 78 

Prftice  Wick  mine  (W.  Va.) 78 

Proctor  No.  1  mine  (Pa.) 40 

Proposia  mine  (Wyo.) 82 

Prospect  mine  (Alaska) 15 

Prosperity,  W.  Va 78 

ProYidenoe,  Ky 30 

Providence  No.  3  (Ky.) 30 

Pruden,  Tenn 55 

Pruden  mine  (Tenn.) 55 

Prudential  mine  (Tenn.) 58 

Pryor  Ridge  No.  1  (Tenn.) 57 

Puckett  No.  1  mine  (Va.) 03 

Puggsley  mine  (Wyo.) 83 

Pulaski,  W.Va 70 

Pulaski  No.  2  mine  (W.Va.) 72 

Pulaski  No.  3  mine  (W.  Va.) 72 

Pulford  prospect,  (Oreg.) 45 

PuUenNo.  lmine(Mo.) 33 

PuIlenNo.  17mine(Mo.) 33 

Puoblo  Booita,  N.  Mez 40 

Pueblo  Booita  mine  (N.  Mez.) 40 

Pumpkin  Hollow  mine  (Tenn.)   59 

Punxsutawney,  Pa 51 

Purcell,  C.  S.,  acknowledgement  to l 

Purdon  bed  (Colo.) 18 

Purdon  mine  (Cola) 18 

Puritan,  Colo 22 

Puritan  mine  (Colo.) 22 

Puritan  No.  1  mine  (Pa.) 47 

Putney,  W.  Va.,  coal 71 

Putney  No.  1  mine  (W.  Va.) 71 

Pyrometer,  descriptloa  ot 6 


Q.  Page. 

Quaker  City,  Ohio 42,43 

Quakertown  bed  (Md.) 31 

Queen  bed  (Wash.) 08 

R. 

Ragiand  mine  (W.  Va.) 78 

mine  and  oar  samples. 88 

Raleigh,  W.Va 79 

mine  and  oar  samples. 88 

Ralei^Nal  mine  (W.Va.) 79 

Raleigh  Na  8  m4ne(  W.Va.) 79 

mine  and  car  samples 88 

Raleigh  No.  4  mine  (W.Va.) 79 

Raleigh  NaOmhie  (W.Va.) T» 

Ralph,8.  Dak 53 

RalphtanNo.6mine(Pa.) 52 

Ralston,  Pa 51 

Ramah,Colo 18 

Ramaytown,  Pa 51 

Ramsland  mine  (N.  Dak.) 41 

Randall  and  Shad  mine  (Pa.) S3 

Ranous  mine  (Mont.) 37 

Raridanmine(Pa.) 40 

Rathbum,  Tenn 57 

Ratliff,  W.  C,  acknowledginnent  to 1 

Raton  bed  (N.  Mex.) 39 

Raven  bed  (Va.) 04,65 

Raven  Red  Ash  mine  (Va.) 65 

Ravenscroft,  Tenn 60 

Ravenscroft  mine  (Tenn.) 60 

Ravensdale,  Wash 66 

Ravensdale  No.  1  mine  (Wash.) 66 

Rajrenwood,  Colo. 19 

Ravenwood  mine  ((}ola) 19 

Raw  bed  (W.  Va.) 30 

Ray,N.  Dak 41 

Ray  County  mine  (Ma) 35 

Ray  County  No.  2  mine,  (Ma) 35 

Ray  County  No.  50  mine  (Ma) 35 

Reamer  mine  (Pa.) 47 

Red  Ash,  Va 05 

Red  Ash  bed  (Tenn.) 54 

Red  Ash  bed  (Va.).    See  Raven  bed. 

Red  Ash  mine  (Tenn.) 54 

Red  Ash  mine  (Wyo.) 83 

Red  Bank  mine  (Mont.) 38 

Red  Bird,  Okla 45 

Reed  Creek  mine  (Va.) 03 

Red  Eye  mine  (Tenn.) 57 

Red  Jacket  bed  (W.Va.) 75 

Red  Jacket  Junior  mine  (W.  Va.) 75 

Red  Lodge,  Mont 35 

Red  Lodge  No.  4  mine  (Mont.) 35 

Rod  Moon  mine  (Tenn.) 55 

Red  Run  mine  (Pa.) 51 

Red  Stone  bed  (W.Va.) 71 

ReedHlUNo.2mhie(Tenn.) 57 

Reed  mine  (Pa.) 49 

Reed  mine  (Tenn.) 58 

Rees-Orass  Creek  mine  (Utah) 61 

Reeves  prospect  (Oreg.) 45 

ReglnaSlope  mine  (Tenn.) 55 

Reineckemlne(Ky.) 28 

RflUanoe  Na  1  mine  (Tenn.) 56 
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Page. 

ReUanoe  No.  2  mine  (Tenn.) 55 

Remy  mine  (Tenn.) 54 

Rend  Na  2  mine  (HI.) 26 

Renick,Mo. 35 

Republic  No.  2  mine  (Ifont.) 37 

Republic  No.  3  mine  (Mont.) 37 

Reuben  BoDing  mine  (Va.) 65 

Rex  bed  (Tenn.) 55 

Rex  No.  1  mine  (Tenn.) 55 

Rex  No.  2  mine  (Tenn.) 55 

Reynolds  mine(  Utah) 02 

Rhoda  Marker  bed  (Va.) 65 

Rhodell,W.Va 79 

RhodeU  No.  1  mine  (W.  Va.) 79 

RhodeUNo.2mine(W.Va.) 79 

Riach  bed  (Cok).) 19 

Riach  mine  (Colo.) 19 

Richards  mine  (Tenn.) 58 

Richardson  bed  (Mont.) 37,38 

Richardson  mine  (Mont.) 38 

Rich  Hill,  Mo 33 

Rich  Hill  bed  (Mo.) '. 35 

Richland  bed  (Tenn.) 54 

Richlands,  Va. 66 

RichlandsNo.2mine(Va.) 65 

Richlands  No.  4  mine  (Va.) 66 

Richmond,  Mo 35 

Rich  Mountain  bed  (Tenn.) 54 

Rich  Mountain  mine  (Tenn.) 55 

Rich  Run  mine  (W.  Va.) 60 

Richwood,  W.  Va 71 

Ridgway,Colo 21 

Ridgeway,  Olda 44 

Righter  No.  1  mine  (W.  Va.) 71 

Rim,  Ky 27 

Rim  No.  4  mine  (Ky.) 27 

RitcheyNo.lmine(Ill.) 25 

Ritchie  No.  1  mine  (Mo.) 33 

Hlver  Rial  mine  (Ky.) SO 

Riverton,  Wyo 82 

Roanoke  mine  ( W .  Va.) 72 

Roaring  Fork,  Va 65 

Roaring  Fork  mine  (Va.) 65 

Robards,  Ky 28 

Robbins,Tenn 50 

Robertsdale,  Pa 50 

Robertsdale  mine  (Pa.) 50 

Roblndale,  Pa 50 

Robi]idalemine(Pa.) oO 

Robin  Hood  mine  (Pa.) 46 

Robinson  bed  (Colo.) 19 

RobinsonNo.  lmine((^lo.) W 

Robinson  No.  2  mine  (Colo.) 19 

Roby  mine  (Colo.) 21 

RoA  Castle,  Ala 15 

Rock  Castle  mine  (Ala.) 15 

Rock  Heading  No.  2  mine  (Va.) 65 

Rock  Island  No.  5  mine  (OUa.) 44 

Rock  Island  No.  8  mine  (Okla.) 44 

Rock  Island  No.  10  mine  (Okla.) 44 

Rock  Island  No.  28  mine  (Okla.) 44 

Rock  Island  No.  40  mine  (Okla.) 44 

Rock  Lick  No.  2  mine  (W.  Va.) :.,..  70 

Rock  lick  No.  4 mine(W.  Va.) 70 

Rockpart,Ky 20 

Rock  River,  Wyo 81  | 


Page. 

Rock  Springs 84 

Rock  Springs  mine  (Tenn.) 65 

Rockvale,  Ckdo 19 

Rockvale  bed  (Colo.) 19 

Rockvale  mine  (Colo.) 19 

Rockwood,  Tenn 50 

Rockwood  bed  (Tenn.) 50 

Rockwood  mine  (Tenn.) 60 

Rocky  Ford  No.  1  mine  (Mo.) 32 

Roda,  Va 65 

Roden  mine  (Pa.) 49 

Roderfleld,  W.  Va. 73 

Rogerton,  Tenn 55 

Rogerton  mine  (Tenn.) 55 

Rolfe,W.Va 73 

Rolfemine(W.Va.) 73 

Rombauer  No.  3  mine  (Mo.) 32 

Rosedale,  Tenn £3 

Rose-Marshall  mine  (Wash.) 66 

Rosin  mine  (Wyo.) 82 

Roslyn,  Wash 66 

Roslyn  bed  (Wash.) 66 

Roslyn  No.  1  mine  (Wash.) 66 

Roslyn  No.  2  mine  (Wash.) 66 

Ross  Petry  mine  (Ky.) 20 

Roundup,  Mont J7 

Roundup  bed  (Mont.) 37 

Roundup  A  mine  (Mont.) 37 

Routt-Pinnade,  mine  (Colo.) 22 

Royal  Blue  bed,  Utah 61 

Royal  mine  (Colo.) 20 

Royal  Blue  mine  (Utah) 61 

Royalton,Ill 23 

Rugby  bed 20 

Russell  Fork  mine  (Va.) 64 

Russellville,  Ark 17 

Rudyard,  Mont 87 

Ryder,  Mo S5 

B. 

Sabine  mine  (W.Va.) 81 

mine  and  car  samples 80 

Sagamore  No.  1  mine  (W.  Va.) 75 

Sagamore  No.  2  mine  (W.  Va.) 75 

St.  Charles,  Ky 28 

St.  Charles,  Va 63 

8ft.  Charles  No.  1  mine  (Va.) 63 

St.  David,  lU 23 

St.  Michael,  Pa 48 

SI.  Paul,  Va 64,65 

8alina,Utah 61 

Saline,  middle  mine  (ni.)- 23 

Saline  Na  6  mhie  (111.) 25 

San  Bol9  No.  2  mine  (Okla.) 43 

Sanders,  Mont 85 

Sandstone  Parting  bed  (Tenn.) 65 

Sandstone  Parting  mine  (Tenn.) 65 

Sandy  Ridge  mine  (Va.) 64 

Sanie,  Ala 14 

Ban  Juan  mine  (Colo.) 20 

Sanner  and  Shaffer  mine  (Pa.) 52 

San  Pedro  bed  (Tex.) 60 

Santo  Tcmas,  Tex 60 

Santo  Tomas  bed  (Tex.) 60 

Santo  Tomas  mine  (Tex.) : 60 

Sarah  Fumaoe,  Pa 48 
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Bextoo  Brine  rTcfm.) Si 

8eztooNo,2mliie(Va.> 86 

Be7inoar-Prtoe]iii]ie(Vft.; 61 

Staaeflcrmioedld.; S 

Shaler  mine  f  Colo.) 21 

ghamf ock  mine  ( Kj,) JO 

inMron,mine(nL; 25 

Sharon  No.  5  mine  (Pa.) 51 

ilhainieemlne(W.ya.) 72 

tniawxieeCown,  DL 21 

Sbeepliea4mine(Teon.) 57 

8bcibr,Mi)nt J7 

HiMldeoandHoltNo.  lmlne(lCo.) n 

8bHd«i  mine  (Wash.) 57 

Sheridan  No.  2  mine  (Kans.) 27 

Sherwood  mine  (Pa.) m 

Shim  Barto  bed  (Axk.) 17 

Shinolamlne(Pa.) 49 

SUpfman  mine  (Ohio) 41 

Ship  Rock  Indian Sdiool mine  (N.  Hex.)....  40 

Ship4oDmlne(Wyo.) 82 

SboalCKek  No.  1  mine  on.) 24 

Sboto  mine  (Mont.) 37 

Short  Creek,  W.  Va 60 

SbertOap.Md 51 

fllinallCoisitaln  mine  (Tana.) S6 

I,  W.Va 75 

bed  (Colo.) IS 

Staip«»mlne(Ck»lo,) 18 

Mlpiier  mine  (Aia.) 15 

Sls4D0tbed(Pa.) n 
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(WadL) 68 

66 

f^j<^^i'  iirfw  (if<it  y  36 

(Pa.) 45 

(Cda) 20 

SoddyhedCFenn.) 57 

Soddy  Na  1  mine  (Tenn.) 57 

SomnetyColo 19 

SomeraetyPa 32 

8oaMr»tmiiw(Col&) 19 

Somertoi,  Ohio 41 

Sanmmi,  Pa. 4S 

SonmaaNa2mina(Pa.) 47 

Sonmaa8kipemina(Fa.) 48 

8oprii,Oolo 20 

SoiirisNa2miiiB(Cok)L) 20 

South  Omon,  Colo 10 

South  Oman  mfaie(Col&) 10 

Sooth  Dakota,  lignite  from,  dassificatian  oL  12 
flee  ata»  beds,  mines,  and  towns  named. 

SoatlMRimiiie(TiBnn.) 51 

SoathonNa  5mdae(Tenn.) 59 

Soath  Nnttal,  W.  Va 70 

Sooth  Side mhie  (Mont) 35 

Soothwestem  Na  1  mine  (OkkL) 45 

Sooth  Willis,  Wash 68 

Sooth  WllliaminB(  Wash.) 68 

SpaagiaryPa 48 

Spenser  bed  (Cola) 30,21 

Spencer  mine  (Cola) 21 

Spenser  mine  (Mont.) 37 

SpbshDambed(Va.) 62 

Splint  bed  (Tena.) 54 

Splint  mine  (Toon.) 54 

Spfagoe,  W.  V» 79 
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Sprig,  W.Va 22-aO 

Spring  Canyon  No.  1  bed  (Utah) 00,61 

Spring  Canyon  No.  2  bed  (Utah) 61 

Spring  Canyon  No.  3  bed  (Utah) 61 

Spring  Canyon  No.  I  mine  (Utah) 61 

Spring  Canyon  Na  2  mine  (Utah) 61 

Spring  Canyon  No.  3  mine  (Utah) 61 

Springfield  mine  (Pa.) 47 

Springfield  bed  (lU.) 23 

SpringOrove,  Ky 30 

Spring  Side  mine  (ni.) 23 

Springton,  W.  Va 75 

Sprouts  coal  bank  (W.  Va.) 71 

Spruce,  W.Va 80 

Spruce  Knob  mine  (W.  Va.) 71 

Stage  mine  (Pa.) 47 

Stahl,Mo 32 

Stainville,  Tenn 53 

Standard  mine  ( Mo. ) 33 

Standard  mine  (Tenn.) 55 

Standard  mine  (Utah) 61 

Standard  Pocahontas  mine  (W.  Va.) 74 

Standardville,  Utah 61 

Stanford,  W.  Va 79 

Stanly  Junction,  Tenn 50 

Stanton,  N.  Dak 41 

Stanton-Oeorges  Creek  No.  1  mine  (Md.) 31 

Starkville,  Colo 21 

Starkvillemine 21 

Star  mine  (Pa.) 49 

Star  No.  lmine(Mo.) 32 

Starr  mine  (Pa.) SO 

State  No.  3  mine  (Tenn.) 58 

Statesbury,  W.  Va 79 

Statosbury  mine  (W.Va.) 79 

StaofferNo.  3mine(Pa.) 52 

Steamtown,  Ohio 43 

Stoelton,IIl 25 

Stephens,  Tann 58 

Stephenson  mine  (Ma) 33 

Sterling  mine  (Tenn.) 55 

Sterling  Run,  Pa 48 

Stemberger  mine  (W.  Va.) 75 

Steubeoville,  Ohio 43 

Stigler,  Okla 43 

8tiglerbed(Okla.) 43 

Stoffel  mine  (Ohio) 41 

Stoneboro,  Pa 61 

Stoneboro  No.  7  mine  (Pa.) 51 

Stone  Canon,  Calif. 18 

Stone  Canon  mine  (Colo.) 18 

Stone  City,  Kans 27 

Stone  Creek  bed  (Va.) 63 

StoneCreekNo.lmlne(Va.) 63 

8tonega,Va 65 

Stonega  mine  ( Va . ) 65 

StonegaNo.  lmine(Va.) 63 

Stonega  No.  2  swine  (Va.) 65 

Stonega  No.  3  mine  (Va.) 63,65 

Stone  Gap  No.  3  mine  (Va.) 65 

8tonekingmine(IU.) 24 

Stone  mine  (Mont.) 36 

Stonepro6pect(Mont.) 37 

Stonerbed(Pa.) 52 

8tom»Utah. 61 


Page. 

Straight  Creek,  Ky 27 

8traightCreekbed(Ky.) 27 

Strathmoremine(Md.) 32 

Straven,Ala 15 

Straven  mine  (Ala.) 15 

Strang,  Colo 10 

Strong  mine  (m.) 23 
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Su]Uvan,Ind 26 

Sullivan,  Ky 27 

Sumvan,W.Va 79 
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Tams  No.  4  mine  (W.  Va.) 79 
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TraleeNo.  2mlne(W.Va.) 81 
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Turkey  Creek  No.  2mine(Okla.) 44 

Turley,  Tenn 55 

Turner  mine  (Cola) 19 

Turner  strip  pit  (Okla.) 43 

Twin  Branch,  W.  Va 73 
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See  al»o  beds,  mines,  and  towns  named. 

Utah  No.  1  mine  (Utah) 61 

Utah  No.  3  mine  (Utah) 61 
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Vulcan  No.  4  mine  (Ala.) 14 

W. 

Wabash  No.  2  mine  (lU.) 24 

Wadge  bed  (Colo.) 22 
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Walden,Colo 19 

Walden  Ridge  bed  (Tenn.) 58,59 
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Warner  mine  (W.Va.) 70 
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Washington,  ooslIs  from,  dassiflcation  of 11 

See  alto  beds,  mines,  and  towns  named . 
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FOREWORD  TO  FIRST  EDITION. 

The  State  of  Colorado,  among  its  resources  of  potential  im- 
portance, considers  its  vast  oil-shale  deposits  of  particular  value 
and  the  basis  of  a  future  great  industry  that  ultimately  will  place 
Colorado  in  the  front  rank  of  the  oil-producing  States  of  the  Union. 
It  affords  me  much  gratification  that  the  United  States  Bureau  of 
Mines  has  so  generously  cooperated  with  the  State  of  Colorado  in 
working  out  the  solution  of  some  fundamental  problems  of  the  com- 
ing industry  and  in  presenting  the  results  of  its  studies  to  the  public. 

OiiivKR  H.  Shouf, 

Governor, 
m 


PREFACE. 

The  oil-shale  investigations  of  the  Bureau  of  Mines,  beec' 
1916,  were  interrupted  by  the  entrance  of  the  United  State: 
the  World  War.    Early  in  1919,  however,  the  work  was  Uke 
again  in  cooperation  with  the  department  of  metallurgical  reso: 
of  the  University  of  Utah,  Salt  Lake  City,  Utah.    This  coopcn: 
work  has  continued  to  date. 

In  January,  1920,  the  bureau  entered  into  a  cooperative  ^gn^-or 
with  the  State  of  Colorado  for  the  conduct  of  laboratorv  inT^' 
tions  of  the  oil  shales  of  Colorado.  Under  this  agreement  a  k'* 
tory  has  been  installed  and  equipped  at  the  University  of  Cokr. 
Boulder,  Colo.,  and  a  research  staff  organized. 

In  1921  an  informal  arrangement  was  made  with  the  Depart: ' 
of  Conservation  of  the  State  of  Indiana,  under  which  the  .-"^ 
has  acted  in  an  advisory  capacity  in  an  investigation  of  the  ? 
resources  of  the  State  of  Indiana.    This  investigation  is  behj 
ducted  at  the  Univereity  of  Indiana,  Bloomington,  Ind. 

It  is  the  primary  purpose  of  the  investigational  work  of  theFr- 
of  Mines  to  determine  the  most  favorable  conditions  for  iv:*  '^ 
oil  shale  to  obtain  the  largest  yield  of  the  best  products.    J^ 
papers  dealing  with  the  program  of  the  investigations  and  will.' 
on  the  work  accomplished  to  date  have  been  published  in  :. 
graphed  form  by  the  Bureau  of  Mines  and  in  bulletin  form  t. 
State  of  Colorado.    It  is  the  purpose  of  the  bureau  and  its  axv 
ing  agencies  to  continue  publishing  short  reports  as  freqiai 
material  becomes  available. 

This  bulletin  brings  together  pertinent  facts  regarding  o.  • 
which  hitherto  have  not  been  assembled  in  one  volume,  and  a 
them  the  results  of  the  research  to  date.    It  is  published  to  prr- 
well-rounded  form  the  present  state  of  knowledge  of  the  subje*" 

I  take  pleasure  in  acknowledging  not  only  the  cooperation  ' 
States  of  Utah,  Colorado,  and  Indiana,  as  mentioned  above,  l^  I 
the  publication  of  the  first  edition  of  this  bulletin  by  the  M-i 
Colorado,  this  action  permitting  issue  at  a  much  earlier  dat  I 
would  otherwise  have  been  possible. 

H.  Foster  Baix. 
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OIL  SHALE-AN  HISTORICAL,  TECHNICAL,  AND  ECO- 
NOMIC STUDY. 


By  Martin  J.  Gavin. 


INTEODUCTION. 

The  results  of  investigations  of  the  oil-shale  resources  of  the 
United  States  were  first  published  by  the  United  States  Geological 
Survey  in  1915.^    Other  reports  *  have  followed. 

These  reports,  investigations  by  private  individuals  and  corpora- 
tions, and  the  beginning  of  the  development  of  an  oil-shale  industry 
in  this  country  have  aroused  considerable  interest  in  the  possibilities 
of  these  shales  as  a  commercial  source  of  hydrocarbon  oils.  The  Bu- 
reau of  Mines  has  appreciated  these  possibilities,  and  since  1916  one 
or  more  of  its  engineers  have  given  all  or  part  of  their  time  to  inves- 
tigations relating  to  the  treatment  of  oil  shales.  A  short  pamphlet ' 
containing  general  information  on  the  possibilities  of  oil  shale  in 
this  country,  particularly  the  shales  of  the  Rocky  Mountain  district, 
has  already  been  published.  This  pamphlet  gives  methods  for  as- 
saying the  shales  of  oil  and  ammonia  and  contains  a  bibliography 
for  the  use  of  those  desiring  to  search  the  literature. 

Further  investigations  of  oil  shales  and  the  oil-shale  industry,  both 
in  this  country  and  in  Scotland,  where  shales  are  being  treated  com- 
mercially, have  made  possible  the  presenting  of  the  subject  in  greater 
detail.    Since  most  of  the  published  information  on  oil  shale  is  scat- 

1  Woodruff,  B.  G.,  and  Day,  D.  T.,  Oil  Bliale  of  northwestern  Colorado  and  northeastern 
Utah :  U.  S.  Oeol.  Survey,  Bull.  581,  1915,  pp.  1-22. 

*  Winchester,  D.  E.,  Oil  shale  in  northwestern  Colorado  and  adjacent  areas :  U.  S.  Geol. 
SurTey,  Bull.  641,  1917,  pp.  139-198 ;  Oil  shale  of  the  Uinta  Basin,  northeastern  Utah, 
and  results  of  dry  distillation  of  misceUaseous  shale  samples :  V,  8.  Geol.  Survey,  Bull. 
691,  1918,  pp.  27-55. 

Ashley,  Q.  H.,  Oil  resources  of  Idack  shales  of  the  eastern  United  States :  U.  8.  Geol. 
Survey,  Bull.  641,  1917,  pp.  811^24. 

Bowen,  C.  F.,  Phosphatic  oil  shales  near  Dell  and  Dillon,  Bearverhead  County,  Mon- 
tana :  U.  S.  GeoL  Survey,  Bull.  661,  1918,  pp.  815-S20. 

Condit,  P.  D.,  OU  shale  in  western  Montana,  sootheaBtem  Idaho,  and  adjacent  partv 
of  Wyondnff  and  Utah :  U.  S.  Geol.  Survey,  Bull.  711B,  1919,  26  pages* 

Windiester,  D.  B.,  Oil  shale  of  the  Rocky  Mountain  region :  U.  8.  Geol.  Survey,  Bull. 
729,  1923,  204  pp. 

•Gavin,  M.  J.,  Hill,  H.  H.,  and  Perdew,  W.  B.  Notes  on  the  oil-shale  industry  with 
particular  reference  to  the  Rocky  Mountain  dlstxlet:  Reports  of  Investigations,  Bureau 
of  Mines,  Serial  No.  2256,  1921,  36  pages. 
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OIL  SHALE-AN  HISTOBICAL,  TECHNICAL,  AND  ECO- 
NOMIC STUDY. 


By  Martin  J.  Gavin. 


INTEODUCTION. 

The  results  of  investigations  of  the  oil-shale  resources  of  the 
United  States  were  first  published  by  the  United  States  Geological 
Survey  in  1915.^    Other  reports  *  have  followed. 

These  reports,  investigations  by  private  individuals  and  corpora- 
tions, and  the  beginning  of  the  development  of  an  oil-shale  industry 
in  this  country  have  aroused  considerable  interest  in  the  possibilities 
of  these  shales  as  a  commercial  source  of  hydrocarbon  oils.  The  Bu- 
reau of  Mines  has  appreciated  these  possibilities,  and  since  1916  one 
or  more  of  its  engineers  have  given  all  or  part  of  their  time  to  inves- 
tigations relating  to  the  treatment  of  oil  shales.  A  short  pamphlet ' 
containing  general  information  on  the  possibilities  of  oil  shale  in 
this  country,  particularly  the  shales  of  the  Rocky  Mountain  district, 
has  already  been  published.  This  pamphlet  gives  methods  for  as- 
saying the  shales  of  oil  and  ammonia  and  contains  a  bibliography 
for  the  use  of  those  desiring  to  search  the  literature. 

Further  investigations  of  oil  shales  and  the  oil-shale  industry,  both 
in  this  country  and  in  Scotland,  where  shales  are  being  treated  com- 
mercially, have  made  possible  the  presenting  of  the  subject  in  greater 
detail.    Since  most  of  the  published  information  on  oil  shale  is  scat- 

>  Woodruff,  B.  G.,  and  Day,  D.  T.,  Oil  Bliale  of  northwestern  Colorado  and  northeastern 
Utah :  U.  8.  Geol.  Survey,  BulL  581,  1915,  pp.  1-22. 

'  Winchester,  D.  E.,  Oil  shale  in  northwestern  Colorado  and  adjacent  areas :  U.  S.  Geol. 
Survey,  Bull.  641,  1917,  pp.  139-198 ;  Oil  Shale  of  the  Uinta  Basin,  northeastern  Utah, 
and  results  of  dry  distillation  of  miscelUaieous  shale  samples:  U.  8.  Geol.  Survey,  Bull. 
691,  1918,  pp.  27-55. 

Ashley,  Q.  H.,  Oil  resources  of  hlack  shales  of  the  eastern  United  States :  U.  8.  Geol. 
Survey,  BuU.  641,  1917,  pp.  Sll-324. 

Bowen,  C.  F.,  Phosphatic  oil  shales  near  Dell  and  Dillon,  Bearverhead  County,  Mon- 
tana :  U.  S.  GeoL  Survey,  Bull.  661,  1918,  pp.  815-^20. 

Condlt,  P.  D.,  Oil  Bhale  in  western  Montana,  soatheastem  Idaho,  and  adjacent  parts 
of  Wyoming  and  Utah :  U.  S.  Geol.  Survey,  BulL  711B,  1919,  26  pages* 
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729,  1923,  204  pp. 

•Gavin,  M.  J.,  Hill,  H.  H.,  and  Perdew,  W.  B.  Notes  on  the  oU-shale  industry  with 
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tered  through  a  great  many  technical  journals  and  treatises  on 
petroleum  and  mineral  oils,  this  bulletin  summarizes  pertinent  facts 
of  the  literature,  and  in  addition  contains  information  that  has  been 
obtained  by  the  Bureau  of  Mines  in  its  investigations. 

The  appendix  presents  conclusions  based  on  laboratory  experi- 
ments of  the  Bureau  of  Mines  on  the  retorting  of  oil  shales.  Details 
of  the  experimental  methods  and  data  are  to  be  presented  in  a  sepa- 
rate publication,  soon  to  be  issued. 

Since  the  first  edition  of  this  bulletin  was  printed  the  material  con- 
tained in  it  has  been  revised  and  brought  up  to  date.  The  writer'^ 
attention  has  been  called  to  certain  errors  in  statements  appearing  in 
the  first  edition,  and  these  have  been  corrected. 

Throughout  the  bulletin,  unless  stated  otherwise,  a  ton  is  2,000 
pounds  and  a  gallon  231  cubic  inches  (U.  S.  gallon).  Likewise,  a 
barrel  is  42  gallons  of  231  cubic  inches  each. 
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PBESENT  STATUS  OF  THE  PETBOLEIW INDUSTBY  IN  THE  UNITED 

STATES. 

The  petroleum  in  the  United  States  is  a  natural  resource  that  is 
rapidly  being  consumed.  The  fact  that  the  supply  is  not  inex- 
haustible and  the  gravity  of  the  situation  that  will  result  from  the 
supply  becoming  so  depleted  as  to  be  inadequate  to  meet  demands 
have  been  generally  appreciated  only  within  the  past  few  years.  As 
a  result,  these  years  have  seen  widespread  eiforts  to  conserve  pe- 
troleum and  its  products  and  to  seek  possible  substitutes  for  it. 

The  past  history  of  the  petroleum  industry  in  this  country  reveals 
an  astounding  disregard  for  the  conservation  and  efficient  utiliza- 
tion of  a  valuable  and  irreplaceable  fuel  resource.  Millions  of  bar- 
rels of  petroleum  and  billions  of  cubic  feet  of  natural  gas  have  been 
wasted.  Many  productive  oil  fields  have  not  been  cared  for  properly 
and  have  thus  been  permanently  damaged.  Improper  drilling  and 
production  methods  have  caused  wastes  that  are  beyond  accurate 
estimate  in  dollars  and  cents.  There  has  been  much  waste  in  re- 
fining, and  the  utilization  of  petroleum  and  its  products,  has  been 
notably  inefficient.  With  the  growth  of  the  industry,  methods  of 
producing,  refining,  and  utilizing  have  improved,  but  the  fact  re- 
mains that  no  real  and  widespread  effort  to  conserve  petroleum  and 
its  products  has  been  made  until  comparatively  recently.  Even  now 
the  discovery  of  a  new  oil  field  is  only  too  often  followed  by  over- 
drilling  in  order  to  gain  the  supposed  benefits  of  "  flush  "  production, 
and  wells  of  large  production  are  "  brought  in  "  before  storage  and 
transportation  facilities  are  available.  A  large  part  of  the  oil  pro- 
duced in  this  country  is  burned  as  fuel  for  steam-raising  and  like 
purposes.  Such  utilization  is  inefficient  and  may  be  termed  wasteful, 
for  oil  fuel  should  be  burned  in  internal-combustion  engines ;  steam 
boilers  should  not  be  fired  with  petroleum  which  represents  only  3 
per  cent  of  the  total  fuel  supply  in  this  country,  but  they  should  be 
fired  with  coal  which  represents  97  per  cent  of  the  total  fuel  supply. 
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Table  1. — Producftion  and  amsumpiion  of  crude  petroleum  in  the  United  Staien 

during  the  yean  19H-19t2,  inclusive^ 


Year. 

Doniflstio 
production, 
millions  of 

barrels.* 

Estimated 
domefltto 
cansomp- 

tlOQ, 

minions  of 
barrels. « 

Imports, 

mfllinns  of 

barrels.4 

PrcportioD 

of  con- 
sumption 
proauoed 
£d  United 
States, 
percent. 

Szosas  of 

tion  over 

domestio 

production. 

millions  of 

barrels. 

Yearty 

increase  of 

Imports, 

percent. 

1914 

206 
381 
801 
835 
856 
878 
443 
173 
561 

261 
273 
319 
378 
412 
420 
531 
526 
586 

17 

18 

31 

80 

88 

53 

106 

12S 

124 

102 
103 
04 
89 
86 
90 
83 
90 
94 

-5 
-8 
18 
43 
60 
42 
88 
54 
35 

1916 

5 

1916 

13 

1917 

47 

1918 

25 

1919 

40 

1920 

im 

1921 

18 

1922« 

-1 

•  In  rounded  millions  of  barrels.    Data  from  statistics  Issued  by  the  United  States  Qeoloeical  Surrey. 

ft  Marketed  production. 

t  Sum  of  domestic  production  and  net  Imports,  plus  decrease  of  stocks  or  minus  increase  of  stocks. 

'  Chiefly  from  Meaaoo. 

«  Preliminary  figures. 

Both  production  and  consumption  of  crude  petroleum  have  in- 
creased greatly  in  the  United  States  during  the  past  10  years,  as  is 
shown  by  Table  1  and  Figure  1  which  give  the  domestic  production 
of  crude  petroleum,  the  imports,  and  the  domestic  consumption  for 
the  years  1914  to  1922,  inclusive.  It  is  to  be  noted  that  these  data 
apply  to  crude  petroleum  only.  The  table  shows  that  the  United 
States  has  consumed  more  crude  petroleum  than  it  produced  during 
the  past  7  years,  but  when  imports  and  exports  of  refined  products 
are  considered,  ultimate  domestic  consumption  of  crude  and  refined 
oils  has  been  less  than  total  domestic  production  of  crude.  Actual 
mdiicated  ultimate  consumption  of  crude  and  refined  products  within 
the  territorial  borders  of  the  United  States  for  the  past  3  years  has 
been  as  follows :  ^ 

Indicated  nltimata 
domestic  consump- 
tion, barrelB. 

1920 419, 693. 294 

1921 ^ 419, 012,  943 

1922 481. 743, 190 

The  difference  between  the  estimated  domestic  consumption  of 
crude  petroleum,  as  shown  in  Table  1,  and  the  indicated  ultimate 
domestic  consumption,  given  above,  is  made  up  of  exports  of  prod- 
ucts to  foreign  countries  and  territorial  possessions  of  the  United 
States  and  fuel  or  bunker  oil  taken  by  vessels  engaged  in  foreign 
trade. 

The  progress  of  the  petroleum  industry  is  marked  by  periods  of 
overproduction  or  decreased  demand  and  low  prices,  and  underpro- 
duction or  increased  demand  and  high  prices.  From  time  to  time 
new,  highly  productive  oil  fields  are  discovered,  or  there  may  be  a 

*  Data  from  Bull.  Amer.  Petrol.  Inat.,  toI.  4,  Apr.  16,  192S. 
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mettic  production   plaa  Imports;    (3)    Mtlmftted  domestic   piodncllon i    (1)    Imports. 
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temporary  surplus  of  imports,  and  it  may  then  seem  that  discussion 
of  substitutes  or  substitute  sources  is  unwarranted.  The  petroleum 
situation,  however,  should  be  regarded  with  respect  to  the  years 
ahead  rather  than  as  a  question  of  to-day. 

The  United  States  Geological  Survey,  in  February,  1922,  esti- 
mated that  there  yet  remained  underground  in  this  country  9,150,- 
000,000  barrels  of  petroleum  recoverable  by  current  production 
methods.  The  country  is  now  producing  oil  at  a  rate  approaching 
800,000,000  barrels  a  year,  and  although  recent  developments  indi- 
cate that  the  above  estimate  is  low,  it  is  evident  that  our  underground 
reserve  will  not  suffice  for  a  great  many  years.  Even  should  the 
reserve  be  two  or  three  times  greater  than  estimated,  our  petroleum 
supply  can  not  possibly  be  adequate  for  future  needs.  Anyone  who 
visions  the  future  can  see  that  the  problem  of  furnishing  enough  oil 
to  meet  the  inevitable  demand  is  indeed  of  high  importance.  Pro- 
duction and  consumption  are  growing  rapidly  and  the  supply  of 
petroleum  imderground  is  decreasing. 

CAUSES  OF  INCBEASEB  CONSUMPTION. 

Many  factors  have  contributed  to  the  enormous  growth  of  the 
demand  for  petroleum  during  the  past  10  years.  The  greatest 
increase  in  demand  has  been  for  motor  gasoline,  a  result  of  the  rapid 
development  of  the  automotive  industry.  From  1909  to  1922  the 
number  of  cars  and  trucks  in  service  increased  about  3,900  per  cent, 
whereas  the  annual  production  of  gasoline  increased  from  13,000,000 
to  147,672,000  barrels,  or  only  1,036  per  cent.  At  the  end  of  1922 
there  were  about  10,865,000  automobiles  and  1,376,000  trucks  in  the 
United  States,  a  gain  of  1,520,000  and  257,000,  respectively,  during 
the  year.*  Airplanes  and  motor  boats  are  also  increasing  the  demand 
for  gasoline. 

The  production  and  consumption  of  kerosene  has  not  kept  pace 
with  the  production  and  use  of  gasoline,  but  a  steady  demand  exists ; 
exports  were  higher  in  1922  than  in  any  year  since  1919,  and  domestic 
consumption  took  its  first  definite  upward  trend  since  1918.  Exports 
of  kerosene  amount  to  about  39  per  cent  of  the  total  domestic  produc- 
tion, and  domestic  consumption  is  increasing  with  the  growing  use  of 
farm  tractors,  the  majority  of  which  bum  kerosene  or  similar  dis- 
tillates. 

The  domestic  demand  for  gas  and  fuel  oils  shows  a  steady  increase, 
the  indicated  domestic  consumption  in  1922  being  almost  42,000,000 
barrels  more  than  in  1921.  The  use  of  gas  oil  for  enriching  w^ater 
gas  is  growing  rapidly  and  this  demand  is  expected  to  continue,  if 

■Figures  obtaloed  from  AntomotiTe  DiTislon,  Bureau  of  Foreign  and  Domestic    Com- 
merce, Department  of  Commerce. 
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not  greatly  increase.  Gas  oil  is  also  extensively  used  as  raw  material 
for  the  production  of  gasoline  by  cracking  processes.  Distillate  fuel 
is  used  in  certain  metallurgical  processes  and  this  use  will  probably 
become  larger.  There  is  also  a  growing  demand  for  this  fuel  for 
heating  dwellings.  The  demand  for  residual  fuel  oil  increases  year 
by  year.  Many  coal  consumers,  including  railroads  and  power  plants, 
have  turned  to  oil  as  fuel  because  of  its  convenience.  This  tendency 
is  particularly  evident  among  ship  operators.  Our  Navy  uses  large 
quantities  of  fuel  oil,  and  commercial  steamers,  particularly  passen- 
ger liners,  are  increasingly  burning  clean,  cheaply  and  conveniently 
handled  liquid  fuel.  The  use  of  fuel  oil  is  not  confined  to  shipping 
by  any  means;  it  is  burned  extensively  in  locomotives,  in  power 
plants,  and  in  industrial  heating  plants. 

The  production,  domestic  consumption,  and  exports  of  lubricating 
oil,  which  fell  off  after  reaching  a  high  peak  in  1920,  are  again 
increasing.  The  growth  of  industrial  activity  and  the  larger  use  of 
automobiles,  tractors,  and  trucks  is  increasing  the  demand  for  lubri- 
cants. The  export  demand  is  certain  to  be  much  greater  as  internal 
affairs  in  Europe  become  stabilized  and  industrial  expansion  begins. 

It  is  clearly  evident  that  the  demand  for  petroleum  products  is 
steadily  increasing,  and  even  though  domestic  production  may  be 
adequate  for  the  time  being,  our  reserves  are  limited  and  sooner  or 
later  wiU  fail.  Before  the  time  of  critical  shortage  is  reached  new 
sources  of  petroleum  products,  or  substitutes  for  them,  must  be 
found. 

POSSIBLE  NEW  SUPPLIES  OP  PBTBOLEUK. 

I&CPORTS. 

The  chief  possibility  of  new  supplies  of  natural  petroleum  seems  to 
lie  in  larger  imports,  chiefly  from  Mexico,  the  countries  bordering 
the  Caribbean  Sea,  and  South  America.  Mexico  has  produced  large 
amounts  of  oil,  but  production  of  the  grades  most  suitable  for  refin- 
ing decreased  in  1922,  and  there  is  some  doubt  as  to  the  future  pro- 
duction. Much  of  the  Mexican  crude  is  heavy  and  asphaltic,  and  is 
best  suited  for  making  fuel  oil,  a  little  gasoline,  some  kerosene,  and 
gas  oil  containing  so  much  sulphur  as  to  be  unsuitable  for  the  enrich- 
ment of  water  gas. 

Other  countries  bordering  the  Gulf  of  Mexico  and  the  Caribbean 
Sea  contain  oil  deposits,  but  these  are  comparatively  undeveloped 
and  little  is  known  as  to  the  amount  and  the  quality  of  the  oil  they 
will  yield. 

The  United  States,  however,  would  be  at  a  great  disadvantage  if 
wholly  or  even  partly  dependent  on  imports  of  a  conmiodity  so  vital 
as  petroleum.    Mineral  oils  are  estential  to  the  Nation^s  safety,  as 

68406'— 28 2 
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was  demonstrated  during  the  World  War,  and  to  its  commercial 
and  industrial  life,  and  every  effort  must  be  made  to  insure  do- 
mestic sources  of  supply. 

INCREASED  PRODUCTION. 

As  noted  on  page  6,  the  United  States  has  an  estimated  under- 
ground supply  of  9,150,000,000  barrels  of  petroleum  recoverable  by 
present  methods  of  production.  Lewis  •  has  estimated  that  ordinary 
production  methods  often  do  not  recover  more  than  10  to  20  per 
cent  of  the  oil  underground.  This  waste  suggests  that  new  methods 
may  be  developed  for  lengthening  the  life  and  increasing  the  pro- 
duction of  known  oil  fields.  There  is  also  the  possibility  that  deeper 
drilling,  at  present  restricted  by  high  costs  and  inadequate  equip- 
ment, may  add  to  the  supply  by  finding  new  productive  sands  in 
present  fields.  Moreover,  it  is  probable  that  new  fields  of  importance 
wiU  be  developed ;  but  these  expedients  can  hardly  be  expected  to  do 
more  than  postpone  for  a  comparatively  short  period  the  time  of 
critical  deficiency.  In  brief,  the  demand  for  mineral  oils  in  the 
United  States  in  the  near  future  will  evidently  be  supplied  partly 
from  domestic  production  (probably  soon  to  decrease),  partly  from 
imports,  and  partly  from  substitutes.  More  efficient  methods  of 
production  and  utilization  will  undoubtedly  help  to  prolong  the  life 
of  our  oil  supplies. 

IKCBEASEB    PBOBUCTIOK   AND    MOBE    EFFICIENT    UTILIZATION 

OF  GASOLINE  AND  FITEL  OIL. 

Much  of  the  gasoline  marketed  in  this  country  is  ^'  straight  run  " ; 
that  is,  distilled  from  the  crude  oil  without  being  cracked  and  with- 
out being  blended  with  natural-gas  gasoline.  However,  increasing 
quantities  of  cracked  gasoline  and  gasoline  recovered  from  natural 
gas  are  being  satisfactorily  blended  with  straight-run  gasoline. 
Oasoline  produced  by  cracking,  or  breaking  down  the  molecules  of 
heavier  distillates,  when  properly  produced  and  refined,  is  a  satis- 
factory motor  fuel.  Natural-gas  or  "  natural "  gasoline  is  obtained 
by  recovering  the  gasoline  vapors  in  natural  gas  by  compression  or 
absorption.  As  it  is  usually  too  volatile  or  "  wild  "  to  use  alone,  it 
is  ordinarily  mixed  or  blended  with  heavier  petroleum  distillates 
before  being  marketed  as  motor  fuel. 

It  does  not  seem  likely  that  the  production  of  gasoline  can  be 
materially  increased  by  using  more  of  the  crude  petroleum  and  mak- 
ing the  product  less  volatile,  as  has  been  done  in  the  past,  until  auto- 
motive engines  that  will  satisfactorily  bum  less  volatile  fuel  are 

•Lewis,  J.  O.,  Methods  ot  lacreaslng  Um  recovery  from  oil  sands:  Btreau  of  BClaet 
Boll.  148,  1917,  pp.  25-28. 
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designed.  Also  the  demand  for  the  next  fraction  below  gasoli 
kerosene — ^is  steady  and  probably  will  increase.  To  include  any 
considerable  quantity  of  tho  lighter  fractions  of  kerosene  in  the 
gasoline  will  cause  a  shortage  of  kerosene  and  a  consequent  increase 
in  price.  The  extraction  of  gasoline  from  natural  gas  tends  to 
increase  'with  the  production  of  i)etroleum  and  will  decrease  as 
petroleum  production  fails.  The  changing  of  fuel  oil  into  gasoline 
by  cracking  processes  involves  considerable  expense  and  some  waste. 
Therefore  unless  there  is  a  decided  difference  between  the  price  of 
fuel  oil  and  of  gasoline  cracking  is  not  profitable.  The  demand  for 
fuel  oil  is  increasing  and  it  may  not  always  be  profitable  to  crack 
more  fuel  oil  into  gasoline  unless  the  price  of  gasoline  goes  higher. 
However,  the  increasing  efficiency  of  cracking  processes  and  the  fact 
that  the  price  of  fuel  oil  is  limited  by  the  price  of  its  chief  com- 
petitor— coal — ^indicates  that  the  production  of  gasoline  by  cracking 
will  continue  to  increase. 

More  efficient  utilization  of  gasoline  is  promised  by  recent  develop- 
ments of  Midgley.^  The  efficiency  of  the  modem  gasoline  engine  can 
be  increased  by  increasing  the  pressure  attained  by  the  gaseous  explo- 
sion mixture,  but  when  this  is  done  with  the  ordinary  petroleum 
products  a  so-called  ^detonation"  or  ^'knocking"  results,  which  is 
destructive  to  the  engine  and  which  more  than  offsets  the  theoreti- 
cally increased  efficiency.  Midgley  has  discovered  that  the  addition 
to  the  gasoline  of  small  amounts  of  organic  compounds  of  certain 
metals  suppresses  this  tendency  to  detonation.  The  full  effect  of 
this  discovery  will  come  only  with  the  general  manufacture  and  use 
of  engines  designed  for  higher  compression  pressures. 

It  is  altogether  probable  also  that  the  future  will  see  the  develop- 
ment of  automobile  and  truck  engines  that  will  bum  fuel  oil  effi- 
ciently. Such  a  development  will  not  only  relieve  the  danger  of  an 
impending  fuel  shortage  but  will  make  possible  even  greater  extension 
of  the  use  of  the  automobile  and  truck.  An  automotive  engine  burn- 
ing fuel  oil  can  compete  against  any  other  user  of  fuel  oil,  because  this 
would  be  the  most  efficient  use  to  which  the  oil  could  be  put  Con- 
sequently the  supply  of  motor  fuel  would  be  limited  only  by  the  total 
supply  of  fuel  oiL  In  the  same  manner  the  more  extensive  use  of 
the  Diesel-type  engine  to  replace  engines  driven  by  steam  from  oil- 
fired  boilers  will  make  possible  a  much  more  efficient  utilization  of 
our  petroleum. 

Any  consideration  of  the  increased  use  of  the  heavy-oil  engine 
must  take  into  account  the  fact  that  in  future  much  of  the  oil  now 
used  as  fuel  will  be  needed  for  the  manufacture  of  lubricants.    As 

^Mid^Iey,  TtaomaB,  jr.,  an^  Boyd,  T.  A.,  Chemical  control  of  gawoas  detoaatlon  with 
partieuUur  roftrenm  to  tke  Intemal-oomlniBtion  oigine:  Jour.  iBd.  and  Sng.  Gliepi.,  vol. 
14,  1922,  pp.  894-^98. 
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yet  the  demand  for  lubricants  is  not  sufficient  to  consume  all  tlie 
lubricants  that  might  be  made  from  the  crude  oils  of  the  country, 
but  the  demand  is  certain  to  increase.  Lubricants  are  the  most  nec- 
essary of  all  the  products  of  petroleum*  The  industrial  development 
of  to-day  would  be  impossible  without  lubricating  oils,  and  these 
can  be  obtained  in  sufficient  quantity,  so  far  as  we  know,  only  from 
petroleum. 

SUBSTITUTES  FOB  PBTBOLSUX. 
BUfiCTRIO  POWER. 

On  the  sea  the  only  source  of  power  that  can  be  substituted  for  oil 
is  coal;  on  land,  however,  electricity  can  and  undoubtedly  will  re- 
place fuel  oil  in  many  places.  Some  railroads — the  Chicago,  Mil- 
waukee &  St.  Paul,  for  example,  with  nearly  800  miles  of  main  line 
electrified — ^have  electrified  parts  of  their  main  lines ;  others,  includ- 
ing one  of  the  largest  users  of  fuel  oil  in  the  country,  are  said  to  be 
planning  extensive  electrification.  Various  industries  will  undoubt- 
edly make  increasing  use  of  electricity  as  the  water-power  resources 
of  the  country  are  developed.  The  proposed  super-power  system  for 
the  North  Atlantic  States  includes  both  hydroelectric  plants  and 
huge  steam-driven  generating  stations,  some  of  which  will  be  close  to 
coal  mines. 

BY-FRODUCTS  FROM  COAL. 

When  bituminous  coal,  cannel  coal,  lignite,  and  peat  are  destruc^ 
tively  distilled,  tars  of  various  kinds  are  produced,  from  which  dif- 
ferent products  can  be  obtained.  At  present,  gasoline  blended  with 
commercial  benzol  (recovered  at  by-product  coke  ovens)  and  blends 
of  gasoline,  alcohol,  and  benzol  are  being  marketed  as  satisfactory 
motor  fuels.  The  heavier  coal  tar  is  being  used  extensively  as  fuel 
oil  in  some  parts  of  the  eastern  United  States.  As  by-product  coke 
ovens  replace  the  wasteful  beehive  ovens,  more  and  more  products 
from  coal  can  be  expected  as.  substitutes  for  those  obtained  from 
petroleum,  but  coal  by-products  can  be  only  of  minor  aid  in  supply- 
ing these  substitutes.  It  has  been  estimated  that  if  all  the  coal  mined 
in  the  country  for  a  year  were  coked  in  by*product  ovens,  the  quan- 
tity of  motor  fuel  that  might  be  made  available  thereby  would 
amount  to  less  than  20  per  cent  of  the  annual  domestic  consumption 
of  gasoline.  The  development  of  low-temperature  processes  for  car- 
bonizing coal  may,  however,  greatly  increase  this  potential  yield. 

ALCOHOL. 

Unblended  alcohol  can  be  used  as  fuel  in  engines  designed  for 
compression  higher  than  those  ordinarily  used  with  gasoline    Com- 
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mercial  alcohol  can  not  be  blended  directly  with  gasoline,  but  mix- 
tures of  gasoline,  alcohol,  and  benzol  that  will  not  separate  on  stand- 
ing are  being  used  in  a  limited  way  at  present,  and  this  use  of  alcohol 
will  probably  grow  if  the  price  of  motor  gaaoline  increases  or  the 
cost  of  making  alcohol  decreasea  The  calorific  value  of  alcohol  is 
lower  than  that  of  gasoline,  but  this  is  offset  by  its  high  efficiency. 
Alcohol  can  be  produced  from  a  large  number  of  vegetable  waste 
products,  and  probably  can  also  be  obtained  in  quantity  from  wood 
wastes,  such  as  sawdust,  although  this  has  not  yet  been  demonstrated 
on  a  large  scale.  At  present  the  production  of  alcohol  is  limited  by 
the  availability  of  raw  material  suitable  for  its  manufacture.  It  is 
to  be  noted  that  land  on  which  plants  for  the  production  of  alcohol 
are  grown  is  no  longer  usable  for  the  production  of  food. 

SUBSTITUTE  SOURCES  OF  LUBRICANTS. 

It  is  difficult  to  see  where  satisfactory  substitutes  for  petroleum 
lubricants  can  be  found  except  in  shale  oil,  a  source  of  somewhat 
doubtful  utility  (p.  120).  The  production  of  lubricating  oils  from 
petroleum  has  in  no  way  reached  its  limit  (p.  9),  but  the  time  is 
coming  when  substitute  sources  will  be  really  needed.  Good  lubricat- 
ing oils,  such  as  castor  oil,  which  is  an  excellent  lubricant,  can  be 
made  from  vegetable  sources,  but  the  cost  at  present  is  very  high. 

OIL  SANDS. 

Important  potential  sources  of  petroleum  products  in  the  United 
States  and  other  countries  are  the  large  deposits  of  sand  saturated 
or  partly  saturated  with  oil.  These  deposits  are  now  yielding  oil 
in  the  productive  fields  but  ultimately,  through  partial  exhaustion  of 
oil  and  decline  of  gas  pressure,  they  will  not  yield  oil  through  wells. 
Also  there  are  enormous  deposits  of  oil  sands  that  never  have  pro- 
duced oil  and,  because  they  are  not  saturated  with  oil  or  because  gas 
is  absent,  are  not  capable  of  producing  oil  through  wells.  Many  of 
these  deposits  outcrop  in  such  manner  that  their  mining  would  be 
relatively  inexpensive  and  sometime,  it  is  to  be  expected,  they  will 
be  mined  and  their  oil  extracted  by  suitable  methods.  Certain  of 
these  deposits,  satisfactorily  situated  with  respect  to  transportation, 
supplies,  and  markets,  seem  to  offer  a  better  opportunity  for  devel- 
opment in  the  near  future  than  do  our  oil-shale  reserves. 

SHALE  OIL. 

As  sources  of  substitutes  for  petroleum  oils,  the  reserves  of  oil 
shale  in  the  United  States  stand  out  as  most  important.  Oil  shales 
in  Scotland,  France,  and  Australia  have  been  the  source  of  products 
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similar  to  those  obtained  from  petroleum,  and  this  fact  makes  it 
highly  probable  that  in  the  near  future  oil  shales  which  underlie 
great  areas  of  this  country  will  be  extensively  worked. 

The  pages  following  treat  of  the  history,  technique,  and  economics 
of  the  oil-shale  industry  and  emphasize  the  value  of  our  deposits. 
The  technical  and  business  problems  that  must  be  solved  before  these 
deposits  are  developed  on  a  large  scale  are  not  beyond  our  technical 
skill  or  financial  ability.  A  broad  view  of  the  outlook  justifies  the 
statement  that  our  oilnshale  reserves  insure  a  domestic  supply  of 
mineral-oil  products  similar  to  those  obtained  from  petroleum  for 
a  long  time  to  come. 

FOBEION  DEPOSITS  OF  OIL  SHALES. 

SCOTLAND. 

Oil  shale  occurs  in  many  parts  of  the  world,  but  the  shale  deposits 
of  Scotland,  because  of  their  having  been  the  basis  of  a  commercial 
industry  for  many  years,  are  the  most  widely  known.  These  deposits 
lie  mostly  to  the  west  of  Edinburgh  and  south  of  the  Firth  of  Forth." 
The  present  operations  of  importance  are  all  in  one  field  in  West  and 
Mid-Lothian,  the  center  of  the  field  being  about  12  miles  west 
of  Edinburgh.  The  field  is  well  defined,  stretching  from  the 
Firth  of  Forth,  west  of  the  Forth  Bridge,  southward  for  about  16 
miles  between  the  Almond  River  and  the  Bathgate  hills  to  the 
region  of  Cobbinshaw  and  Tarbrax.  The  oil  shales  form  part  of 
the  calciferous  sandstone  series  at  the  base  of  the  Carboniferous 
system. 

The  shales  now  being  worked  are  black  or  brownish  black,  break 
with  a  conchoidal  fracture,  and  give  a  dark-brown  streak.  They  are 
tough,  flexible,  free  from  grittiness,  and  curl  to  the  cut  of  a  knife. 
The  rich  shale  is  very  resistant  to  weathering,  thus  differing  from 
the  barren  shales,  <!alled  '^  blaes,"  because  of  their  bluish  gray  color, 
by  the  miners.  The  specific  gravity  of  the  sliales  worked  for  oil 
ranges  from  1.71  to  2.30. 

The  shale  is  finely  laminated,  a  property  best  noted  in  the  spent 
shale,  although  the  laminse  in  the  raw  shale  can  be  seen  distinctly 
under  the  microscope.  Layers  of  rich  and  lean  shale  alternate,  prob- 
ably representing  alternate  periods  of  rich  vegetable  growth  followed 
by  water  overflow  and  sedimentation. 

Good  oil  shale  resembles  hard,  dark  wood,  or  even  leather,  and  an 
experienced  worker  can  determine  its  quality  by  the  readiness  with 
which  it  curls  when  cut  with  a  sharp  knife.    This  property  and  its 

•  CarrutlierB,  B.  G.,  The  geology  of  Uie  oil-shale  fields :  Memoir  QeoL  SnrYey  Scotlaod, 
The  oU-8hale  fields  of  the  Loihians,  2d  ed.,  1012,  Part  I,  pp.  1-95. 
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color,  weight,  and  6tre«k  enable  it  to  be  distinguished  from  the 
^^  blaes,"  although  the  latter  often  passes  or  grades  into  an  oil  shale 
yielding  enough  oil  and  ammonia  to  be  worked  profitably. 

Scottish  shale  operators  distinguish  plain  and  ^^  curly  "  shale,  the 
former  being  flat  and  smooth  and  the  latter  contorted  and  polished 
or  slickensided  on  the  squeezed  faces;  the  same  shale  may  be  partly 
plain  and  partly  curly;  the  curly  shales  often,  but  by  no  means 
always,  yield  more  oil  than  the  plain  shales.  Howeyer,  curly  shales 
always  yield  well,  as  only  a  reasonably  rich  shale  curls  under  lateral 
pressure. 

The  shales  being  worked  in  1921  yielded  about  26  United  States 
gallons  of  oil  and  86  pounds  of  amtmonium  sulphate  to  the  short  ton. 
Formerly  shales  yielding  much  more  oil  were  mined,  but  they  were 
worked  out  years  ago.  The  shale-oil  industry  in  Scotland  started  on 
a  mineral  yielding  very  little  ammonia,  but  up  to  130  gallons  of  oil 
to  the  ton.  Some  geologists  do  not  consider  this  material,  known  as 
torbanite,  from  its  occurrence  at  Torbane  Hill,  to  be  a  true  oil  shale. 
(See  p.  85.)  Since  the  exhaustion  of  the  torbanite,  the  oil  yield  of  the 
shales  worked  has  grown  smaller  and  smaller.  As  a  rule  the  Scottish 
shales  that  yield  the  most  oil  yield  comparatively  little  ammonia, 
and  vice  versa.  Naturally  the  shales  rich  in  oil  were  worked  first,  the 
ones  now  mined  yield  less  oil  but  more  ammonia.     (See  p.  92.) 

In  the  Scottish  deposits  the  oil  shales  are  interstratified  with  ordi- 
nary carbonaceous  shales  (the  ^^blaes"  of  the  miners)  which  contain 
little  or  none  of  the  characteristic  material  of  the  oil  shales.  These 
beds,  however,  in  the  main  differ  only  in  the  amount  of  organic 
matter,  and  portions  are  retorted  under  favorable  economic  condi- 
tions.   Beds  of  sandstone  and  limestone  also  occur  in  the  shale  series. 

At  different  times  some  20  different  seams  of  oil  shale  have  been 
mined,  but  at  present  only  about  10  are  being  worked.  These  range 
in  thickness  from  3^  feet  to  8  or  10  feet,  averaging  about  5  feet.  The 
seams  are  generally  persistent  but  of  varying  thickness  and  grade 
into  ^^blaes"  laterally.  Generally  both  roof  and  floor  also  consist 
of  '^  blaes ''  but  may  be  fire  clay,  sandstone,  or  limestofae.  The  shale 
beds  are  folded,  usually  in  small  basins,  and  in  many  places  are  badly 
faulted.  At  Pentland,  however,  the  seams  extend  for  nearly  two 
miles  without  serious  faulting  and  dip  uniformly.  The  seams  are 
now  well  mapped  and  correlated. 

BKauon). 

Oil  shale  has  been  known  for  a  long  time  in  the  Kimmeridge  dis- 
trict of  Dorset  and  has  lately  been  found  in  and  around  Norfolk. 
Kimmeridge  shale  is  known  locally  as  Kimmeridge  coal  or  black- 
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stone.  It  has  been  worked  in  a  small  way  in  Dorset  from  time 
to  time  for  centuries.  There  are  probably  very  large  quanti- 
ties of  oil  shale  in  the  district,  but  thus  far  successful  commer- 
cial development  has  been  impossible,  primarily  because  the 
crude  oils  from  the  shale  contain  6  to  9  per  cent  of  sulphur  and, 
on  account  of  a  low  proportion  of  paraffin  oils,  are  extremely  difficult 
to  refine.  Proposals  to  use  the  oil  for  fuel  have  amounted  to  little, 
as  the  present  British  Admiralty  specification  for  fuel  oil  allows  a 
maximum  of  not  more  than  3  per  cent  of  sulphur,  and  efforts  to  re- 
duce the  sulphur  content  of  Kimmeridge  shale  oil  to  that  amount 
have  not  been  successful.  Within  the  last  three  years  it  has  been  re- 
ported that  sulphur-free  shales  underlie  those  previously  discovered 
in  Norfolk,  and  a  company  has  been  formed  to  exploit  them.  During 
1923,  operations  in  Norfolk  are  reported  to  be  at  a  standstill,  and 
the  company  organized  to  exploit  the  shales  of  that  district  is  said 
to  be  in  financial  difficulties. 

The  yield  of  oil  from  core-drill  samples  of  Kimmeridge  shale 
ranges  from  15  to  possibly  over  42  gallons  per  ton  and  sulphate  of 
ammonia  up  to  30  pounds  per  ton.*  The  seams  of  shale  that  might 
be  of  economic  importance  are  apparently  rather  thin« 

WALES. 

Oil  shales  of  rather  inferior  quality  were  discovered  in  Wales  a 
long  time  ago,  and  considerable  quantities  were  treated  many  years 
since,  but  the  competition  of  cheap  foreign  petroleum  caused  the 
abandonment  of  the  industry. 

CANADA. 

Oil  shales  occur  in  New  Brunswick,  Nova  Scotia,  Quebec,  and 
Newfoundland.  There  are  other  deposits  in  other  parts  of  the 
Dominion,  but  they  have  not  been  more  than  casually  examined. 
The  shales  of  the  first  two  Provinces  mentioned  are  considered  of 
importance,  and  efforts  are  now  being  made  to  develop  them.  A 
deposit  of  possible  value  has  also  been  reported  on  the  west  coast 
of  Newfoundland. 

In  1907  a  large  quantity  of  shale  from  New  Brunswick  was  sent  to 
the  Pumpherston  Oil  Co.  works  in  Scotland  for  testing.  The  results 
indicated  that  24  to  48  gallons  of  oil  and  from  some  samples  over  70 
pounds  of  ammonium  sulphate  could  be  obtained  per  ton  of  shale.^® 

*  Stfaban,  A.,  Special  reports  on  the  mineral  resouroea  of  Qreat  Britain*  toL  7 ;  lignite, 
jtt,  Kimmeridge  oil  shale,  mineral  oil,  cannel  coals,  natural  gas.  Part  I,  England  and 
Wales.    Memoir  Geol.  Survey,  London,  1018,  pp.  20-30. 

>*Ell8,  B.  W.,  Joint  report  on  the  bituminous  or  oil  shales  of  New  Brunswick  and 
NoTa  Scotia,  also  on  the  oil-shale  Industry  of  Scotland:  Canada  DepL  Mines,  BulL  66, 
toco,  67  pp. 
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In  the  Scottish  retorts  the  throughput  of  the  richer  of  these  shales 
was  much  slower  than  that  of  Scottish  shale. 

ATTSTSAIiIA. 

Oil  shales  occur  in  New  South  Wales  and  Queensland.  In  addi- 
tion a  peculiar  spore  deposit  known  as  tasmanite,  which  yields  con- 
siderable oil,  occurs  in  Tasmania.  According  to  reports  in  1921,  a 
large  company  had  obtained  an  option  to  these  tasmanite  deposits 
and  was  to  start  the  construction  of  retorts  at  once.  Official  reports 
of  the  Tasmanian  Oovernment  estimate  that  the  possible  quantity  of 
shale  available  is  12,000,000  long  tons.  The  oil  produced  from  tas- 
manite has  been  considered  unrefinable,  but  under  some  conditions 
it  could  be  used  crude  as  fuel  oil. 

Two  grades  of  shale  have  been  mined  and  retorted  in  New  South 
Wales  for  many  years :  One  termed  "  kerosene  shale,"  a  rich  variety 
partly  used  locally  and  exported  for  gas  making;  and  the  other, 
''  seconds,"  a  lower  grade  retorted  locally.  The  two  grades  are  con- 
sidered identical  in  nature  and  origin— differing  only  in  richness — 
and  are  generally  considered  torbanites. 

The  following  description  of  the  Australian  oil  shales  and  their 
occurrence  is  abstracted  from  articles  describing  the  industry  of  New 
South  Wales  in  detail.  ^^ 

OGCUBBEKGB    IK    KEW    SOUTH    WALES. 

Oil  shale  occurs  in  New  South  Wales  mostly  in  lenticular  patches, 
few  more  than  a  mile  long,  but  some  several  miles  wide,  in  the  upper 
coal  measures  of  Permo-Carboniferous  age.  The  seams  range  in 
thickness  from  1  or  2  inches  to  4^  feet  or  more. 

The  most  important  earlier  workings  were  at  Hartley  Vale,  Joadja, 
and  Torbane,  in  the  Capertee  Valley.  At  Hartley  Vale  the  shale 
was  rich  and  3|  to  4  feet  thick,  with  about  10  inches  of  lower-grade 
shale  below  that  had  to  be  removed  with  an  ax.  At  Capertee  there 
was  about  5^  feet  of  good  shale,  with  a  few  inches  of  splint  above 
and  below.  The  important  works,  in  1922,  were  mining  the 
Capertee- Wolgan  bed  at  Newnes,  in  the  Wolgan  Valley.  This  seam, 
the  most  extensive  yet  discovered  in  New  South  Wales,  is  14  to  50 
inches  thick.  On  the  Capertee  side  one  tunnel  is  said  to  have  exposed 
for  a  distance  of  over  4,000  feet  a  seam  averaging  3  to  4  feet  thick. 

Other  shale  deposits  of  lesser  importance  occur  in  the  Blue  Moun- 
tains and  in  the  Hunter  Kiver  valley. 

>^  Steaart,  D.  B.,  The  oil  shales  of  the  Lothlans,  Part  III,  The  chemistry  of  the  oil 
shales :  Memoir  Geol.  Sairey*  Scotland,  2d  ed.,  1012,  p.  163. 

C^me,  J.  B.,  The  kerosene  shale  deposits  of  New  Booth  Wales:  Memoir  Oeol.  Surrey, 
New  Booth  Wales,  1003,  888  pp. 

Handhocric  of  the  mtneral  products  of  New  South  Wales :  DepC  Mincs»  Nftw  South  Wales, 
1020,  ppw  18-ia. 
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KBW  ZEALAND* 

To  work  a  so-called  oil  shale,  which  is  probably  a  lignite  of  high 
sulphur  content,  a  plant  of  the  Scottish  type  was  erected  in  1900  at 
Orepuki.  The  work  has  since  been  discontinued  on  account  of  the 
low  grade  of  the  shale,  the  poor  quality  of  the  oil  produced,  and 
unexpectedly  high  operating  costs.  In  1901, 12,048  long  tons  of  shale, 
valued  at  £6,024,  were  mined;  in  1902  only  2,338  tons;  and  only  a 
negligible  quantity  from  that  time  to  date.  Besides  the  deposit  at 
Orepuki  other  oil-shale  deposits  have  been  discovered  in  different 
parts  of  New  Zealand,  but  that  at  Orepuki  appears  of  most  potential 
importance. 

AFBICA. 

Oil  shale  has  been  discovered  in  southern  Khodesia,  the  Transvaal, 
and  Natal;  but  as  far  as  is  known  no  active  development  has  been 
undertaken,  although  proposals  have  been  made  recently.  Other  de- 
posits are  reported  in  Morocco,  Angola,  and — ^perhaps  the  largest  of 
all — ^in  the  Belgian  Congo.  No  reports  giving  accurate  data  as  to 
the  size  of  the  deposits  are  available.  As  a  rule  the  shale  seams  are 
relatively  thin  and  the  oil  yield  low.  The  yields  from  the  Transvaal 
shales  are  about  30  gallons  of  crude  oil  and  30  pounds  of  ammonium 
sulphate  per  long  ton. 

FBANCE. 

The  most  important  oil-shale  deposits  are  at  Buxi^  and  Saint 
Hilaire  (Allier),  which  have  been  worked  since  1858,  and  at  Autun 
(Sa6ne-«t-Loire),  where  operations  started  in  1862.  It  is  interesting 
to  note  here  that  the  first  oil  shales  ever  worked  were  those  of  Autun, 
products  made  from  them  by  Selligue  having  been  exhibited  at  the 
Paris  Exposition  in  1839.  Selligue  can  really  be  considered  the 
father  of  the  oil-shale  industry,  although  operations  in  France  were 
soon  outstripped  by  those  in  Scotland.  According  to  Bedwood  "  the 
oil-shale  industry  of  France  dates  from  the  year  1830. 

Abraham  states  that  the  shales  at  Autim  and  Buxi&re  are  not  true 
oil  shales,  but  consist  of  semiliquid  asphalt  associated  with  shales.^* 

Besides  the  two  fields  mentioned,  shales  have  been  worked  in  the 
Departments  of  the  Var,  Basses  Alpes,  and  Puy  du  Ddme.  Little 
work  has  been  done  in  tliese  fields,  but  recent  reports  (1921)  indi- 
cate that  development  of  the  shales  of  the  Boson  field  in  the  Yar  is 
about  to  begin  on  a  large  scale. 

In  the  Buxidre  region  are  three  oil-shale  works  that  obtain  yields 

of  oil  varying  from  13  to  26  gallons  per  ton.    The  specific  gravity  of 

■  — — — —  • 

»  Redwood,  Borerton,  Treatise  on  petroleam.    Vol.  2,  3d  ed.,  London,  1018,  p^  87. 
»  Abrabam,  Herbert,  Asphalta  and  allied  aabataneea.    1920,  p.  1S8. 
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the  crude  oil  ranges  from  0^60  to  Q.900  and  yields  refined  products 
as  follows :  ** 

Products  obtained  from  crude  shale  oil  at  Buxi^e. 

Specific  fi&Tltf.  Per  cent. 

lAmp  oils 0. 810-0. 820  28-30 

Heavy  oils .  870-0. 025  80-40 

Pitch - 29 

lioss  in  refining : - 12-20 

The  heavy  oils  are  said  to  make  rather  good  lubricants,  and  from 
them  is  obtained  a  good  grade  of  paraffin  wax.  The  pitch  finds  a 
ready  market  for  use  in  the  manufacture  of  asphalt  preparations. 
The  average  normal  annual  production  of  shale  in  the  Allier  district 
is  about  67,000  tons. 

The  Autun  field,  the  most  important  of  the  French  shale  districts, 
has  an  area  of  about  250  square  kilometers.  .  Several  beds  of  oil-yield- 
ing shale  are  interstratified  with  coal,  gravel,  clay,  limestone,  and  con- 
glomerates. The  deepest  bed  mined  yields  about  12  gallons  of  oil  per 
ton.  A  middle  seam,  called  the  ^^  big  seam  "  and  the  most  important 
of  those  worked,  yields  12  to  25  gallons  per  ton.  Upper  seams  have 
been  worked  to  a  small  extent.  About  110,000  tons  of  shale  are  mined 
annually  in  the  Autun  field. 

When  refined  the  oils  from  Autun  give  products  approximately 
as  follows :  *• 

Products  obtained  from  crude  shale  oU  at  Autun, 

Specific  graylty.  Per  cent. 

Lamp  oU 0. 820  35-40 

Heavy  oils 0. 860-0. 868  4 

Oreen  oil •      .  805  25 

Pitch .  960  20 

Loss  in  refining 14 

According  to  Redwood  ^*  the  shale-oil  industry  in  France  is  not 
remunerative,  chiefly  because  of  the  poor  quality  of  the  shale.  He 
also  states  that  the  oils  are  very  difficult  to  refine.  However,  the 
present  heavy  import  duty  on  oil  enables  several  deposits  to  be 
worked  successfully. 

TUGOSLAVL^ 

Large  deposits  of  oil  shale  have  been  known  to  exist  near  Alexinatz 
for  many  years.^'  Some  of  the  shale  was  tested  years  ago  in  one  of 
the  Scottish  works,  and  is  said  to  have  yielded  over  45  gallons  of  oil 

^Pitrotaoffl  Worid,  OU  InduBtxy  In  nranoe  and  Almce:  VoL  16,  Septemlier.  1910, 
p.  872. 
>*  Petroleum  Worid,  reference  dted. 

^  Redwood,  Boverton,  Treatise  on  petroleum.    Vol.  2,  8d  ed.,  I^ondon*  1018,  p.  00. 
**  Redwood,  Borerton,  work  cited.    Vol.  2,  p.  01. 
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to  the  ton.   The  main  bed  is  said  to  be  more  than  90  feet  thick ;  aboye 
and  below  it  are  beds  of  lower  grade. 

Recently  a  prospecting  right  covering  an  area  of  about  120  square 
kilometers  has  been  granted  to  a  newly  discovered  area  of  oil  shale  ^* 
at  Radovagne,  near  Belgrade.  The  deposit  contains  two  kinds  of 
shale,  a  rich  brownish-yellow  shale  and  a  black  bituminous  shale. 
The  former  covers  an  area  of  30  square  kilometers  and  is  1  meter 
thick  at  the  outcrop.  In  laboratory  tests  the  shale  yields  about  15.5 
per  cent  of  oil  by  weight. 

SPAIN. 

Extensive  deposits  of  oil-yielding  shale  are  known  in  the  Pedro 
Martinez  Basin,  Province  of  Granada;  at  Rubielos  de  Mora 
(Teruel) ;  and  at  Eibes  Albes  (Castellon)  and  other  places.  There 
are  no  accurate  data  on  the  supply  of  shale  available.  A  deposit  near 
PuertoUano  (Ciudad  Real)  of  Carboniferous  age  is  now  being  mined 
and  the  shales  retorted  in  ^  plant  of  the  Scottish  type."  It  is  said 
that  the  crude-oil  production  amounts  to  3,500  gallons  a  day.  The 
shale  is  mined  at  a  depth  of  300  feet. 

SWEDEN. 

Large  oil-shale  deposits  occur  in  Sweden,  the  principal  ones  being 
at  Kinnekulle,  Narke,  and  Ostergotland.^®  The  shales  are  known 
locally  as  ^^alum"  shales.  Such  information  as  has  been  obtained 
indicates  that  the  oil  yield  is  relatively  poor.  One  company  is  said 
to  have  spent  over  $800,000  in  an  effort  to  create  a  profitable  industry 
out  of  the  production  of  shale  oil,  with  discouraging  results.  Late 
in  1921  the  plant  was  offered  to  the  Swedish  Government  for 
$134,000.  The  Government  has  appropriated  funds  for  an  investi- 
gation of  extraction  methods,  but,  as  far  as  is  known,  has  not  taken 
over  the  plant 

BTTLGABIA. 

There  are  said  to  be  large  deposits  of  oil  shales  near  Breznik, 
Radomir,  Popovtzi,  Kazanlik,  and  Serbinovo.'^  In  the  deposit  near 
Breznik  alone  the  surface  shale  is  estimated  at  about  30,000,000  tons. 
The  beds  seem  to  be  thick  enough  to  be  considered  suitable  for  com* 
mercial  working.  Their  yield  of  oil,  as  tested  by  various  chemists, 
ranges  from  7  to  21  per  cent,  13  per  cent  being  about  an  average. 

V  From  tiiipablished  report  of  H.  I.  Smith,  U.  8.  Bureau  of  Mines. 

<*  Bitter,  Btlenne  A.,  Distillation  of  oil  shales  at  PuertoUano,  Spain :  Bng:.  and  Mln. 
Jour.-Press,  toI.  115,  Feb.  17,  1923,  pp.  826-327. 

*Marphy,  D.  I.,  Mannfactore  of  mineral  oils  from  alum  shalea:  Commerce  Reports, 
Bureau  of  Foreign  and  Domestic  Commerce,  Oct.  2,  1919,  p.  27. 

B  Kemper,  G.  H.,  Deposits  of  oil  shale  in  Bulgaria :  Commerce  Reporta*  Bureau  of 
Foreign  and  Domestic  Commeroeb  Apr.  17,  1920,  pp.  540-541 ;  also,  Commerce  Reports, 
May  19,  1921,  pp.  1020-1021. 
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The  oil  is  said  to  yield  less  gasoline  and  kerosene,  but  more  lubri- 
cating oils  and  wax,  than  the  Scottish  oiL  Also,  the  nitrogen  con- 
tent of  the  Bulgarian  shales  is  less  than  that  of  the  Scottish  shales. 
Three  concessions  to  work  these  shales  are  said  to  have  been  granted. 

GERMANY. 

Oil  shales  occur  in  the  Rhine  Provinces  and  in  the  States  of  Hesse, 
Wurtemberg,  Baden,  and  Bavaria.  Hie  Bavarian  deposits,  which 
yield  about  16  gallons  of  oil  per  ton,  are  to  be  woi^ed  in  the  near 
future,  according  to  recent  reports.  During  the  war  the  deposits  at 
Messel,  Hesse,  were  worked  to  some  extent. 

In  Saxony  an  important  industry  has  been  established  around  the 
distillation  of  brown  coal.  The  tecbnique  of  the  industry  is  much 
like  that  of  the  oil-shale  industiy,  but  tiie  products,  except  paraffin 
wax,  are  dissimilar.^' 

ITALY. 

A  concession  to  work  a  bituminous  shale  deposit  in  the  Province 
of  Messina,  Sicily,  was  granted  in  1915.  The  shale  is  said  to  be 
readily  accessible  and  to  yield  7  to  9  per  cent  6t  a  rather  heavy  oil 
containing  3.4  per  cent  sulphur.  Several  other  deposits  of  low- 
grade  shales  have  been  discovered  recently. 

SWITZERLAND. 

In  1915  a  concession  of  about  8,000  acres  was  granted  to  work 
deposits  of  oil  sands  and  oil-yielding  shales  in  the  Canton  of  Greneva. 
The  shale  is  said  to  yield  about  15  gallons  of  oil  to  the  ton  and  the 
oil  seems  to  be  of  good  quality.  The  commercial  possibilities  of  this 
deposit  are  not  yet  known. 

ESTHONIA 

Much  interest  has  been  manifested  recently  in  the  oil-shale  depos- 
its of  Esthonia,  which  extend  from  the  west  coast  near  Port  Baltic 
to  the  north  shore  of  Peipus  Lake.  The  shales  occur  in  several  thin 
beds,  interbedded  with  limestone,  attain  a  total  maximiun  thickness 
of  8  feet,  and  are  covered  with  only  a  few  feet  of  overburden;  so 
mining  will  be  inexpensive.  The  deposit  now  being  developed  in 
the  northeastern  part  of  the  country,  near  the  towns  of  lewe  and 
Wesenberg,  is  said  to  cover  an  area  **  of  800  square  kilometers,  and  is 
believed  to  contain  over  1,500,000,000  tons  of  shale.  The  average 
oil  yield  is  stated  to  be  well  over  50  gallons  per  ton. 

«>  Seheltbaiier.  W.,  Sbale  ofla  nnd  tan  aad  thdv  piodnett.    London,  1913,  188  pp. 
**  Petroleum  Time8»  The  chemical  propertleo  of  Uio  Batbonlan  tfialea:  Jane  8,  1922, 
pp.  777-778. 
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Three  mines  are  now  working  this  deposdt,  which  in  1921  prbdnced 
85,000  long  tons  of  the  shale.  Distillation  of  the  shale  is  still  in  the 
experimental  stage,  but  large  quantities  have  been  used  as  fuel  in 
cement  mills  and  private  dwellings  and  for  gas  maniifacture.  At- 
tempts to  use  it  as  boiler  fuel  have  apparently  been  unsuccessfuL 
The  Esthonian  (jovemment  in  its  efforts  to  prevent  the  formation 
of  a  monopoly  is  not  disposed  to  make  terms  attractive  to  the  many 
companies  which  have  requested  concessions,  but  in  1922  a  conces- 
sion of  a  large  area  was  granted  to  an  Ei^lish  company.  Other  con- 
cessions have  been  granted  to  Esthonian  and  Belgian  interests. 


Oil  shales  occur  in  Alagoas,  Bahia,  Mar^nhao,  Sao  Paulo,  and  in 
south  Brazil;  the  tertiary  shales  of  Sao  Paulo  are  by  far  the  most 
important. 

Alagoas. — ^Tertiary  oil  shales  are  exposed  at  low  tide  along  the 
beach  near  Maceio,  but  seem  to  be  of  local  interest  only.  Develop- 
ment in  a  very  crude  way  was  unsuccessfully  attempted  several 
years  ago. 

Bahia. — ^The  "  turf  a ''  at  Marahti  is  of  recent  formation,  local  in 
extent,  and  resembles  peat  rather  than  oil  shale.  It  yields  on  testing 
more  than  a  barrel  of  oil  per  ton.  Development  attempted  80  years 
ago  met  failure  and  the  plant  then  built  is  now  in  ruins. 

MaranhM. — ^Thin,  unimportant  beds  of  Permian  oil  shale  are 
known  at  several  places. 

Sao  Paulo. — ^Thick  beds  of  soft,  easily  cut  shale  yielding  25  to  30 
gallons  of  oil  per  ton  are  within  a  few  feet  of  the  surface  over  a 
large  area  along  the  Bio  Parahyba.  A  20-ton  retorting  plant  re- 
cently installed  at  Taubat^  was  idle  during  1921.  Considerable  shale 
mined  during  the  war  was  used  for  gas  production  in  the  cities  of 
Rio  de  Janeiro,  Sao  Paulo,  and  Santos. 

South  Brazil. — ^Low-grade  Permian  shale  may  be  of  considerable 
importance  because  of  its  great  thickness  (100  feet  in  places)  and 
probable  great  extent.  A  retorting  plant  is  said  to  have  been  erected 
recently  at  Sao  GabrieL 

OTHB&  COXriTTBIES. 

Oil-shale  deposits  of  possible  commercial  importance  are  known  in 
Argentina,  Chile,  and  Uruguay.  Because  of  lack  of  fuel  resources 
in  many  parts  of  South  America,  some  of  these  deposits  may  present 
excellent  opportunities  for  successful  development. 

Discoveries  of  large  deposits  of  oil  shale  of  good  quality  at  Fuahun, 
Manchuria,  have  been  reported  recently  and  plans  are  now  being 

•'The  notes  on  the  shale  deposits  of  Brasil  were  prepared  for  this  bulletin  by  Mr. 
D.  E.  Winchester,  consulting  geologist,  DeuTW,  Colo. 
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made  to'  develop  them.  Oil  shale  has  also  been  discovered  in  Mon- 
golia. Deposits  are  hkewise  reported  in  interior  Arabia  and  in  the 
Machada  Plain  district  of  Syria.  Ldttle  is  known  as  to  the  exact 
location  of  the  deposits  or  the  amount  and  quality  of  the  shale. 
Oil  shale  and  bitumen  deposits  on  the  shores  of  the  Dead  Sea  are 
said  to  have  been  worked  by  the  Germans  during  the  war. 

on.  SHALES  nr  the  ttnited  states. 

Oil  shales  occur  in  many  parts  of  the  United  States.  Those  that 
are  now  receiving  particular  attention  and  are,  perhaps,  of  most 
economic  importance  occur  in  the  States  of  Colorado,  Nevada,  Utah, 
and  Wyoming.  The  richest  of  these  are  in  the  Rocky  Mountain 
region  and  belong  to  the  Green  River  formation  of  Eocene  age.  The 
shales  of  Nevada  possibly  are  slightly  younger  than  Green  River, 
and  most  of  those  of  Montana  are  certainly  older  (Upper  Paleozoic). 
The  bilack  shales  of  the  eastern  States — Illinois,  Missouri,  Indiana, 
New  York,  Kentucky,  Ohio,  Pennsylvania,  and  Tennessee — occur 
mainly  at  one  general  horizon  in  the  Upper  Devonian,  although  ex- 
tensive deposits  occur  in  the  Lower  Devonian  and  Ordovician;  those 
of  California,  which,  strictly  speaking,  are  not  true  oil  shales,  pos- 
sibly with  minor  exceptions,  are  of  Miocene  age. 

on*  SHALES  OJT  TEE  BOCKY  MOUNTAIN  BE0ION. 

The  oil  shales  of  the  Green  River  formation  occur  in  Gh^rfield, 
Mesa,  and  Rio  Blanco  Counties,  northwestern  Colorado;  in  Uinta, 
Sweetwater,  and  Lincohi  Counties,  southwestern  Wyoming;  and  in 
Uinta,  Duchesne,  Carbon,  and  Wasatch  Counties,  northeastern  Utah. 
Of  these  areas,  the  largest  now  known  is  in  Utah. 

The  Green  River  formation  consists  mostly,  but  not  wholly,  of 
shale.  (See  frontispiece,  PL  I.)  Some  of  the  shale  does  not  yield 
oil,  and  much  of  it  is  too  low  grade  or  is  not  in  thick  enough  beds  to 
be  of  present  economic  importance.  According  to  Winchester  *•  the 
Green  River  formation  contains  persistent  beds  up  to  49  feet  thick 
that  will  yield  at  least  35  gallons  of  crude  oil  to  the  ton.  More  thor- 
ough surveying  and  sampling  may  discover  thicker  seams  of  equal 
or  greater  richness.  A  recently  discovered  20-foot  seam,  sampled 
across  the  face  at  one  point,  yielded  over  60  gallons  of  oil  to  the  ton, 
by  laboratory  test. 

In  Colorado  the  Green  River  formation  attains  a  maximum  thick- 
ness of  about  2,(S00  feet.  The  middle  part  of  the  formation  contains 
most  of  the  oil  shale,  the  upper  and  lower  parts  being  practically 
barren.  The  oil  shales  lie  practically  horizontal,  except  for  occa- 
sionikl  local  displacenmits  and  foldings,  and  appear  to  be  relatively 

*  Wlncbester,  P.  B.»  personal  oommanicatlon,  1022. 
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uniform  in  thickness  and  yield.  At  least  two  definite  workable  beds, 
yielding  over  25  gallons  of  oil  to  the  ton,  have  been  found  practically 
wherever  the  formation  has  been  carefully  examined.  In  some  places, 
above  these  two,  there  is  a  third  bed  of  greater  richness  and  usually 
of  workable  thickness.  The  rich  oil-shale  strata  are  from  a  few 
inches  to  over  30  feet  thick,  and  are  interstratified  with  lean  shales, 
barren  shales,  sandstone,  limestones,  conglomerates,  and  thin-bedded 
oolites.** 

The  oil-yielding  shales  usually  outcrop  high  on  the  sides  of  steep- 
walled  canyons  (Pis.  I  and  III,  A)  and  are  darker  colored  and  more 
resistant  to  weathering  than  the  barren  beds.  Their  altitude  above 
sea  level  ranges  from  6,000  to  8,000  feet.  The  regions  in  which  the 
shales  lie  are  mostly  arid  or  semiarid,  sparsely  populated,  and  in 
general  not  well  supplied  with  transportation  facilities. 

Some  beds,  most  of  them  too  thin  to  be  worked  commercially,  have 
yielded  up  to  90  gallons  of  oil  to  the  ton  in  laboratory  tests,  and  it 
is  safe  to  assmne  that  the  Green  River  formation  contains  enough 
shale  of  workable  thickness  to  supply  a  large  amount  of  material 
that  for  many  years  will  yield  over  35  gallons  to  the  ton.  These 
shales  will  also  yield  upward  of  20  pounds  of  ammonium  sulphate 
to  the  ton. 

The  oil  shales  of  the  Green  River  formation  occur  in  two  prin- 
cipal forms,  paper  and  massive  (Pis.  II,  A^  B,  and  III,  J9),  with 
many  gradations.  It  is  believed  by  many  that  the  paper  diale  is 
merely  a  weathered  form  of  the  massive  shale.  Some  workings  seem 
to  indicate  this,  as  one  tunnel  driven  in  paper  shale  for  more  than 
20  feet  from  the  surface  found  that  this  shale  gradually  became 
massive  farther  in.  The  massive  shale  has  plain  or  curly  form ;  the 
latter  is  more  or  less  contorted  and  folded  and  rarely  shows  slicken- 
sided  surfaces.  The  paper  shale  is  obviously  f oliaceous,  but  in  much 
of  the  massive  shale  the  foliated  structure  can  be  seen  only  in  the 
spent  shale  or  in  thin  sections  under  the  microscope. 

The  massive  shale,  which  is  black  or  dark  brown,  is  extremely 
tough  and  withstands  weathering  remarkably;  it  weathers  to  a 
bluish- white  color  on  the  surface,  but  weathering  probably  does  not 
affect  the  oil  yield  of  the  shale  to  a  depth  of  more  than  a  few 
inches.  The  massive  shale  gives  a  brown  or  brownish-yellow  streak 
and  has  a  conchoid^l  fracture.  Fresh  surfaces  of  many  samples  of 
the  shale  have  a  strong  odor  of  petroleum,  which,  however,  quickly 
disappears.    If  the  shale  is  fairly  rich,  it  can  be  ignited  and  burned. 

The  paper  shale  is  gray  to  brown  or  even  black  in  color,  and  its 
thin  laminse  are  remarkably  flexible,  even  when  badly  weathered, 


*  WlneheBter,  D.  E„  Oil  titaal«  In  northwcptani  Colorado  aadadjaovit  ms:  U.  8.  G«»U 
SiUTej  BnlL  641,  1917,  pp.  189~19& 
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thus  distinguishing  it  from  ordinary  carbonaceous  shale.  Weather- 
ing, as  noted  above,  affects  the  paper  shale  much  more  than  the 
massive. 

The  average  specific  gravity  of  the  massive  shale  of  this  formation 
is  about  2  (sec  p.  162),  the  richer  layers  having  the  lower  specific 
gravity.  Oil  and  ammonia  yield  seem  to  be  directly  proportional, 
the  leaner  beds  containing  less  nitrogen.     (See  p.  30.) 

Ollf  SHAIiES  OF  KEVABA. 

The  oil  shales  of  Nevada,  probably  of  Green  River  age,  are  mostly 
in  the  eastern  district  near  Elko  and  Carlin.  They  differ  physically 
and  chemically  from  the  shales  of  the  Green  Siver  formation  and 
are  usually  somewhat  lighter  colored  for  the  same  yield  of  oiL 

The  Nevada  shales  generally  lie  in  somewhat  shallow  basins  of 
considerable  extent.  As  a  rule  the  beds  are  rather  thin,  dip  steeply, 
and  are  extensively  folded  and  faulted.  Mining  conditions  are  not 
as  favorable  as  in  most  parts  of  the  Green  Siver  formation. 

The  richest  seam  of  oil  shale  in  Nevada  known  to  the  writer  is 
about  4  feet  thick;  one  sample  taken  across  the  face  yielded  32  gal- 
lons of  oil  per  ton  and  contained  0.43  per  cent  of  nitrogen,  equivalent 
to  40.5  pounds  of  ammonium  sulphate  to  the  ton.  The  richest  2  feet 
of  this  seam  yielded  over  60  gallons  of  oil  per  ton.  This  bed  dips 
at  an  angle  of  about  23^.  Above  and  below  it  are  much  thicker  beds 
of  leaner  shales,  probably  of  little  economic  importance. 

OIL  SHALES  OF  CALIFOBNT^ 

The  California  deposits  for  the  most  part  are  hardly  true  oil 
shales,  as  the  greater  part  of  the  oil  obtained  from  them  occurs  as 
such  and  can  be  extracted  by  suitable  solvents.  The  most  extensive 
deposits  in  this  State  are  part  of  the  Monterey  formation  of  Ter- 
tiary age,  and  physically  and  chemically  are  much  different  from 
the  oil  shales  of  Scotland  and  from  other  oil  shales  in  the  United 
States.  The  mineral  matter  of  the  shale  is  diatomaceous,  and  the 
beds  that  yield  oil  occur  in  massive  formation.  (PI.  IV.)  They  are 
much  softer  than  the  other  oil  shales  mentioned,  not  at  all  flexible, 
brown  or  brownish-yellow  in  color,  and  when  freshly  broken  smell 
strongly  of  petroleum.  Their  oil  yield  differs  greatly  from  place  to 
place,  but  the  average  is  not  high ;  even  the  best  do  not  yield  much 
over  20  gallons  to  the  ton,  and  their  nitrogen  content  is  low.  In 
many  places  the  deposits  are  thick  and  accessible;  so  notwithstand- 
ing their  low  yield  of  oil,  they  have  commercial  possibilities.  Most 
geologists  consider  the  Monterey  shales  to  have  been  tlie  origin  oi 
the  oil  in  some  of  the  oil  fields  of  California. 

68406*— 28 8 
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OIL  SEALB8  OT  MOHTAKA. 

The  oil  shales  of  Montana  lie  at  two  distinct  geologic  horizons,  one 
in  the  Phosphoria  formation,  probably  oi  Permian  age,  and  the  other 
in  Tertiary  bed&  ^  The  Phosphoria  shales  of  western  Montana  are 
characterized  by  a*  rather  high  percentage  of  phosphates. 

Near  Dillon  ^ere  are  beds  3  feet  or  more  thick  that  will  probably 
yield  up  to  30  gallons  of  oil  to  the  ton.  The  phosphate  beds,  as- 
sociated with  the  shales,  are  possibly  of  future  importance  as  a  com- 
mercial source  of  phosphates. 

The  Phosphoria  shales  of  this  region  are  dark  brown  or  black, 
give  a  brownish  streak,  and  the  richer  portions  are  frequently  oolitic 
(in  rounded  form  or  pebbles).  On  weathered  surfaces  the  shales 
exhibit  a  great  variety  of  colors,  a  bluish- white  usually  predominat- 
ing. On  firactured  surfaces  the  shales  are  often  slickensided.  When 
freshly  broken  or  rubbed  they  give  oflP  an  odor  of  petroleum  and  will 
burn  rather  freely  when  placed  in  a  fire.  They  carry  a  little  pyrite 
disseminated  in  very  small  grains. 

The  richest  of  the  shales  in  this  locality  will  probably  not  yield 
more  than  30  gallons  of  oil  to  the  ton,  and  apparently  no  beds  of 
workable  thickness  are  as  rich  as  this.  However,  seams  of  workable 
thickness  will  yield  up  to  20  gallons  and  contain  as  high  as  0.77  per 
cent  nitrogen  (equivalent  to  71  pounds  of  ammonium  sulphate  per 
ton)  and  about  2.0  per  cent  of  phosphorus  calculated  as  phosphoric 
pentoxide  (P^Ob).  Beds  associated  with  the  oil  shale  contain  as 
high  as  24  per  cent  of  PjOe.  There  is  no  known  method  of  treating 
the  shales  for  both  their  oil  and  phosphate  content  at  the  same  time. 

The  shales  of  the  Phosphoria  formation  outcrop  along  the  slopes 
of  the  chief  mountain  ranges.  In  contrast  with  the  shales  of  the 
Green  Biver  formation,  the  Phosphoria  shales  in  general  are  in 
steeply  dipping  beds  that  ate  extensively  faulted. 

The  Tertiary  oil  shales  of  this  district  lie  in  long,  narrow  basins 
and  are  of  small  extent;  they  are  interstratified  with  sandstones, 
sandy  shales,  and  lignite.  The  shales  occur  at  about  the  middle  of 
the  Tertiary  beds,  are  light  brown,  on  weathered  surfaces  nearly 
white,  and  break  on  weathering  into  thin,  more  or  less  flexible 
laminae.  In  contrast  with  the  Phosphoria  shales,  they  do  not  smell 
of  petroleum  when  freshly  broken,  but  will  bum  when  exposed  to  a 
hot  flame.  Samples  from  some  beds,  up  to  5  feet  thick,  yielded  as 
much  as  24  gallons  of  oil  per  ton  on  laboratory  distillation  and  con- 
tained from  0.1  to  0.9  per  cent  nitrogen. 
■    ■■         ■■"       '       ■  .I...  I      .....   m - ■■■     III  I       iMii.i       ... 

*>  Bowen,  C.  F.,  Phosphatic  oil  shales  near  Dell  and  Dillon,  Beayerhead  County,  Hon- 
Una:  V.  S:  Geol.  SnrTey,  Bull.  No.  661,  1918,  pp.  315-320. 

Condit,  D.  D.,  Oil  shale  in  weatem  Montana,  soatheastern  Idaho,,  and  adjacant  pnrti  of 
Wyoming  and  Utah :  U.  8.  OeoL  Surrey,  Bnll.  No.  711B,  1919,  26  ppw 
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The  Phosphor!  a  formation  also  outcrops  in  southeastern  Idaho  and 
adjacent  parts  of  Wyoming  and  Utah,  where  it  carries  black  and 
brown  shales  that  are  practically  barrel  of  oil. 

OIL  SHALES  OV  THE  BASTEBK  UNITED  STATES. 

Black  shales  of  Devonian  age,  capable  of  yielding  possibly  eco- 
nomic quantities  of  oil,  occur  in  tiie  States  of  Indiana,  Illinois,  Ken- 
tucky, Ohio,  New  York,  Pennsylvania,  West  Virginia,  and  Ten- 
nessee.** Shales  of  the  same  age  yielding  notable  quantities  of  oU 
have  been  reported  in  Missouri,  Kansas,  and  Arkansas. 

Most  of  the  economically  important  black  shales  of  the  States 
mentioned  belong  to  the  upper  Devonian  or  possibly  in  part  to  the 
lower  Carboniferous.  Other  extensive  deposits  occur  in  the  lower 
Devonian  and  in  the  Ordovician.  In  places  oil  shales  of  Carbonifer- 
ous age  overlie  coal  beds  worked  by  open  pits,  and  the  shale  has  to 
be  removed  when  the  coal  is  mined. 

In  most  places  the  Devonian  black  shales  yield  oil,  although  the 
average  yield  is  low  in  comparison  with  that  of  the  shales  of  the 
Socky  Mountain  region.  However,  the  thickness  and  the  extent 
of  the  eastern  deposits  and  the  fact  that  they  may  be  mined  by 
easy  and  inexpensive  methods  make  their  development  in  many 
places,  seem  almost  as  feasible  as  that  of  many  of  the  western  de- 
posits. The  Bureau  of  Mines  has  tested  samples  of  Kentucky  shale, 
said  to  be  of  workable  thickness,  that  yielded  16  gallons  of  oil  to  the 
ton  and  contained  0.62  per  cent  of  nitrogen,  equivalent  to  a  theo- 
retical production  of  58.6  poimds  of  ammonium  sulphate  per  ton. 
Since  1921  the  Bureau  of  Mines,  cooperating  with  the  State  of  In- 
diana, has  been  studying  the  shale  resources  of  that  State  in  an 
effort  to  determine  the  possible  economic  value  of  the  resource.  Some 
of  the  detailed  results  of  the  study  have  already  been  published  as 
Beports  of  Investigations,**  and  others  are  to  follow  in  the  near 
future. 

The  Devonian  shales  are  black  or  brown,  extremely  tough,  and 
usually  contain  a  relatively  high  percentage  of  sulphur — most  of  it 
present  as  pyrite^  On  long  weathering  the  shale  breaks  into  thin, 
fissile,  ash-colored  fragments  which  crumble  and  finally  form  a  stiff 
clay.  The  oil  produced  from  these  shales  seems  of  higher  quality 
than  that  produced  from  many  western  shales,  especially  as  to  the 
amount  and  quality  of  the  motor-fuel  fraction.  Table  25  (p.  173) 
contains  a  distillation  analysis  of  oil  made  by  the  Bureau  of  Mines 

tiAsblejr,  G.  H.,  OU  rewmroes  of  Mack  shales  of  ttis  Eastern  United  States:  T7.  8. 
GeoL  Snirey,  Bull.  641,  1917,  ppw  811'-324. 

•Beeres,  Jobn  B.,  Tbe  New  Altway  shale  of  Indiana:  Bnreaa  of  Mines  Reports  of 
InTestlgatlons,  Serial  No.  2300,  August,  1922,  8  pp. ;  A  secUoQ  throvf h  tt\^  N^  Alban/ 
■hale :  8«rlal  No.  2426,  D««nher,  1922,  6  pp, 
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from  imweathered  Indiana  shale.  This  oil  is  characteristic  of  that 
generally  yielded  by  the  black  Devonian  shales  of  the  Eastern 
States. 

NATTTBE  ANB  OBIOIN  07  OIL  SHALE 

DEFINITION  OF  OIL  SHALE. 

The  writer  defines  oil  shale  as  f oUows :  "  Oil  shale  is  a  compact, 
laminated  rock  of  sedimentary  origin,  yielding  over  33  per  cent  of 
ash  and  containing  organic  matter  that  yields  oil  when  distilled  but 
not  appreciably  when  extracted  with  the  ordinary  solvents  for 
petroleum." 

According  to  Conacher,'®  "  oil  shales  and  torbanites  form  a  group 
of  materials  which  have  in  common  the  characteristic  that  on  dis- 
tillation they  yield  a  product  consisting  typically  of  paraffin  and 
olefins,  and  this  feature  is  the  source  of  tlieir  industrial  importance.'^ 

Ashley  '^  says  that  the  line  between  a  coal  and  a  shale  has  never 
been  sharply  drawn,  but  he  makes  the  suggestion  ^'that  material 
which,  when  burned,  breaks  down  and  yields  an  ash  that  goes  through 
the  grate  bars  and  shows  no  tendency  to  maintain  its  original  shape 
18  a  coal,  and  that  material  which  on  burning  yields  an  ash  that 
tends  to  maintain  its  original  shape  is  a  shale.  The  exact  percentage 
of  ash  that  should  distinguish  a  coal  from  a  shale  can  not  yet  be 
given,  but  until  more  exact  figures  are  available,  it  is  suggested  that 
material  that  yields  less  than  38  per  cent  of  ash  be  considered  a  coal." 

Thiessen  states  ^^  that  ^'  a  shale  is  generally  defined  as  a  rock 
formed  by  the  consolidation  of  clay,  mud,  or  silt,  having  a  finely 
stratified,  laminated,  or  fissile  structure.  When  such  a  rock  contains 
organic  matter  it  is  termed  carbonaceous  or  black  shale;  when  the 
matter  is  of  a  bituminous  nature  it  is  called  bituminous  shale,  and 
when  rich  in  bituminous  substances,  yielding  oil  and  gas  on  distilla- 
tion, it  is  called  oil  shale." 

The  definition  given  at  the  head  of  this  section  may  be  generally 
applied  to  all  true  oil  shales,  but  it  excludes  much  material  which 
has  been  considered  of  importance  as  a  source  of  oil  by  distillation, 
such  aa  the  diatomaceous  shales  of  the  Monterey  formation  in  Cali- 
fornia. A  large  part  of  the  organic  matter  (probably  oil  as  such) 
in  these  shales  can  be  extracted  with  certain  solvents  for  petroleum. 
Practically  all  shales  will  yield  small  amounts  of  bitumens  or  hydro- 

» Conacher,  H.  R.  J.,  A  study  of  oil  shales  and  torlwnites :  Trans.  Geol.  Soc.  Glasgow. 
TOl.  16.  part  2,  1917,  p.  164. 

a  Ashley,  G.  H.,  Cannel  coal  in  the  United  States :  tJ.  8.  Geol.  Surrey,  Bull.  659.  1918, 
p.  11. 

"Thiessen,  Beinbardt,  Origin  and  composition  of  OGirtaln  oil  shales:  Boon.  Qeol.,  toL 
16,  Nos.  4  and  6,  Jnne^  July,  August,  1921,  p.  289. 
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carbons  when  extracted  with  various  solvents.    Table  2,  below,  indi- 
cates the  solubilities  of  different  shales. 

In  Table  2  the  second  column  shows  the  amount  of  oil  produced 
*  from  the  shale  by  distillation  in  the  Bureau  of  Mines  type  of  assay 
retort;  the  third  column  shows  the  amount,  expressed  as  a  percentage 
by  weight  of  the  raw  shale ;  the  columns  under  the  heading  "  Extrac- 
tion with  solvent"  show,  first,  the  percentage  (by  weight)  of  the 
shale  extracted  by  the  particular  solvent,  and,  second,  the  relative 
amount  of  extract  produced,  expressed  as  a  percentage  of  the  oil  yield 
by  destructive  distillation. 

Similar  results  have  been  obtained  with  Scottish  shales  by  Steuart.** 
This  investigator  found  that  Broxburn  shale  is  soluble  in  various 
solvents  as  follows:  Ether,  1.66  per  cent;  carbon  bisulphide,  2.04  per 
cent;  shale  gasoline,  1.79  per  cent;  and  a  mixture  of  equal  parts  of 
shale  gasoline  and  ether,  1.95  per  cent. 

The  amount  soluble,  based  on  the  weight  of  the  shale,  is  small  in 
all  cases,  but  it  is  to  be  noted  that  a  considerable  percentage  of  the 
organic  matter  in  the  shale  is  soluble  in  most  of  the  solvents  used.  A 
solubility  of  2  per  cent  means  an  extraction  of  40  pounds,  or,  roughly, 
5  gallons  to  the  ton. 

The  extracts  in  no  manner  resemble  the  products  of  distillation, 
nor  can  they  be  considered  oils  as  the  word  is  generally  understood ; 
but,  without  exception,  the  organic  matter  of  all  shales  thus  far  ex- 
amined is  appreciably  soluble  in  petroleum  solvents.  In  other  words, 
all  these  shales  contain  appreciable  amounts  of  bitumen,  though  it  is 
probably  correct  to  say  that  they  contain  little  or  no  oil  as  such.  Oil 
shales  contain  a  substance,  or  substances,  usually  classed  as  a  pyro- 
bitumen,  that  by  destructive  distillation,  or  pyrolysis,**  yields  oils 
somewhat  similar  to  petroleum.  These  substances  have  been  termed 
**  kerogen  "  from  two  Greek  words  meaning  producer  of  wax. 

According  to  Steuart,*"  Prof.  Crum  Brown  suggested  "the  term 
^  kerogen '  to  express  the  carbonaceous  matter  in  shale  that  gives  rise 
to  crude  oil  on  distillation." 

COMPOSITION  OF  OIL  SHALE. 

What  kerogen  is  and  how  it  formed  are  subjects  of  much  contro- 
versy. The  various  theories  as  to  its  origin  are  presented  later  (pp. 
33  to  39).  When  by  proper  treatment  it  is  separated  from  the  min- 
eral part  of  the  shale,  it  resembles  a  very  old,  dry  leaf  mold.  Under 
the  microscope  kerogen  is  seen  scattered  through  the  ground  mass 

"Steoart,  D.  Rw,  Oil  shales  of  Uie  Ijothlans,  Part  III,  The  chemistry  of  the  oU  shales: 
Memoir  Geol.  Sarvey  Scotland.  2d  ed.,  1012,  p.  159. 
M  The  word  **  pyrolysis  "  has  been  suggeBted  by  Mr.  W.  A.  Hamor, 
•  Steuart,  D.  R..  work  cited,  p.  143. 
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of  the  shale  as  small  globules  or  irregular  streaks,  ranging  in  color 
from  yellow  or  reddish  yellow  to  dark  brown  or  nearly  black ;  its 
abundance  in  a  given  bed  is  a  measure  of  oil^yielding  capacity. 
Kerogen  is  undoubtedly  the  source  of  the  oils  obtained  by  retorting 
the  shale. 


Tabix  2. — SolulHUiieB  of  aU  thales  in  various  solvenU  for  petroleum/ 
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0.53 
1.33 
1.22 

iao6 

3.14 

laoi 

Green  Kiver.  Wyo 

5l35 

r^  Call/,*'.. .7.  ../.,..; 

£5.80 

Oil  yield  by 
distillaUon. 

Extraction  with  sotrent— 

• 

Booroe  of  shale. 

Oallooa 
per  ton. 

Per- 

oentafe 

of  raw 

shale. 

By  ether. 

Bybeniot 

ByeUontform. 

« 

Percent 
soluble. 

Percent 

ofdisUlr 

lation 

yield. 

Percent 
soluble. 

Percent 
ofdistU- 
lation 
yield. 

Percent 
soluble. 

Percent 

ofdlsti^ 

lation 

yield. 

Kentaickyr  - 

18.22 
44.60 
35.75 
5S.65 
52.  UO 

7. 28 
16. 61 
13.24 
22.67 
10.65 

a06 

.91 

2.23 

1.37 

a82 

6.47 

16.84 

6.08 

a  14 
1.06 
2.41 
1.75 

iai6 

1.99 

8oldltf8iimmit»Utali. 

0e  Beatie.  Colo 

a  745 

4.48 

«.32 

18.22 

Onto  Hlv«r.  Wta v .. . . . 

.  ^  .  »  «  «  «  . 

7.72 

Tciifl.  OalU.*.'. ..  7. .........  i .  ^ 

6L73 

•  Oavin,  Martin  J.,  and  Aydelotte,  John  T^  Soiubility  of  oil  shales  in  solvents  for  petnieam:  Beportsof 
inTCStigations.  Bureau  of  Mines,  Serial  No.  2313,  January,  1022. 

*  Conaiderea  a  lignite  by  most  investigators. 

Naturally  the  mineral  matter  of  oil  shales  is  largely  clay,  or  alumi  - 
num  silicate,  and  Scottish  shales  are  composed  of  it  almost  entirely. 
Shales  from  different  localities  differ  in  the  composition  of  their 
mineral  matter,  but  the  examples  given  in  Table  3  may  be  taken  as 
fairly  representative.  Attention  is  directed  to  the  difference  between 
the  Scottish  and  the  Green  Biver  shales,  particularly  as  to  the  alka- 
line constituents. 


NATITRE  AND  OBiaiR  OP  OIL  SHAL8. 


Tabue  &.—Anatvtet  of  ath  of  vartomi  nprMmtaOve  oU  thalM. 

Owlft 

KO;.  per 

^K 

"&r 

'&" 

^sir 

Bamvki. 

iJM^,;;::: 

u.a 

7S.S 

IU.0 

48.S 

U.B 
«.B 

4LS 

U.8 

a*.  77 
IJ.i 

18.  g 
18.1 
17.1 

1  .7 
118 

!«.« 

17.  • 
8.7 

a.* 

If 

i 

8.) 

8.0 

ia« 

3.1 
(.4 

/loo-n 
n.i 

11 

sa.2 

M.0 
M.1 
MS 

8a3 
sit 

01.3 

EQlpbiir,O.M. 

la.  C^TSmleny  ^lV» 

No.  PIOU. 

River  W  m 

Nd.  Plait. 

.^^ 

.S4Z 

r  Summit,  UUtaf 

Tp,a."" 

:clDdM  &.37  par  out  Mlubl*  In  mtei  MsitalnlDj  O.Mpgr  nnl  fiOi. 

euwt,  D.  R.-TbedldulBofthaLoUilsiu.     Art  III,  Ths  dumblrj  oT  Um  dl  ilntin:  UtmiiiQt 

■T  BooUuid,  ad  ad.,  iWi,  p.  l». 

artMo^Lnlle,  WilllBm,  Tbe  Kott 


'dala'dapnriti  of  Nav  Soutb  WilB:  UBmdi  OM.  Siuvaj  Naw  Soutb  Wala^ 
per  c«at.    Total  uh  Id  nw 


,_. , _._.. }l.  Tedi.,  tot.  S,  Ducomber, 

idudM  KiO,  D.7W  pai  osnt,  N*(0,  0322  par  oant;  ptuapluiic  idd, 

.  ia.l3  per  cent. 

.  B.  Bnibtai,  Bmasu  Of  UUks.  analjit 

'  Table  4  gives  the  proximate  analysis  of  various  American  and 
eign  shales.  The  reader  should  note  that  in  many  American 
lies  the  carbonate  percentages  are  90  high  that  the  determinations 
volatile  matter  and  fixed  carbon  are  of  doubtful  accuracy. 

HUC  4. — Proximate  oiialiwe*  of  repreamtatine  Amerioa*  and  forvtgn  oil  aA<il«», 
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Nitrogen  content  is  a  measure  of  recoverable  ammonia,  and  Table 
5  and  Figure  2  show  the  nitrogen  content  of  several  foreign  and 
American  shales. 

Table  5. — Nitrogen  content  of  various  representative  oil  Mhales,^ 


No.  OQ 
curve, 
FiS.2. 


1. 

2. 

8. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 


Shale. 


Elko.  Nov. 


:Sc 


CUvCitv,  Ky 

Scldler  ftimmit,  Utah. 

Do  Boque,  Colo 

do 

Dnno,  Utah 

Omn  River,  Wyo. '. '. 

do 

Ioiie,Oallf 


Nitrogen, 
percent. 


a43 
.15 
.02 
.58 
.96 
.76 
.74 
.40 
.35 
.83 


Theoretical 

available 

(NH4)s80«, 

pounds 

per  ton. 


4a5 
14.1 
58.5 
54.7 
90.5 
71.7 
60.8 
87.7 
33.0 
78.2 
36.8 


Ott  yield, 

gafloos 

pertoQ.* 


S2.52 

7.28 

18.22 

44.60 

eo.i5 

48.77 
41.66 
21.70 
23.45 
68.65 
£2.00 


a  Detennined  by  KJeldahl-Qunning  method,  T.  B.  Brighton,  analyst. 
»  Laboratory  retort. 

The  nitrogen  content  of  oil  shales  ranges  from  a  trace  to  over  1  per 
cent.  In  Scotland  the  nitrogen  is  the  source  of  the  most  important 
by-product  obtained  from  the  shales — ammonium  sulphate.  ,  The 
value  of  the  nitrogen  in  the  American  shales  is  discussed  on  page 
120.  Apparently  the  nitrogen  exists  in  combination  with  the  kero- 
gen  or  oil-yielding  matter.  Although  in  Scottish  oil  shale  the  nitro- 
gen content  is  said  to  vary  inversely  as  the  oil  yield,  in  shales  in  the 
United  States  the  reverse  seems  to  hold.  The  almost  linear  relation- 
ship between  the  oil  yield  and  nitrogen  content  of  shales  of  the 
Green  Siver  formation  is  shown  to  best  advantage  in  Figure  2. 
Samples  represented  by  points  1  and  2  on  that  curve,  although  from 
Elko,  Nev,,  and  therefore  not  certainly  of  Green  River  age,  seem  to 
fit  in  well  with  the  general  relationship.  Samples  represented  by 
points  3  and  11,  Kentucky  oil  shale  and  California  lignite,  do  not 
follow  the  straight-line  relationship  of  the  other  shales  represented. 
However,  an  examination  of  analyses  of  oil  shales  from  different 
parts  of  the  United  States  indicates  that  there  is  always  a  direct 
relationship  between  oil  yield  and  nitrogen  content  of  the  shale, 
although  the  factor  that  might  be  used  to  show  the  relationship 
differs  for  shales  of  different  district&  For  example,  the  Devonian 
shales  of  the  eastern  United  States  contain  more  nitrogen  for  a  given 
oil  yield  than  do  the  Green  River  shales,  but  there  is  a  direct  and 
apparently  linear  relationship  between  nitrogen  content  and  oil 
yield  for  the  Devonian  shales.  As  probably  almost  all  of  the  nitro- 
gen in  a  shale  is  present  in  organic  form,  it  is  to  be  expected  that 
the  amount  present  would  be  in  proportion  to  the  amount  of  organic 
matter  in  the  shale  and  hence  to  the  oil  yield. 


HATtTBE  AND  ORIGIN  OP  OIL  SHALE.  81 

It  has  been  stated  that  the  nitrogen  content  of  the  Scottish  ahales 
shows  an  inverse  relationship  to  the  oil  yield,  but  it  is  difficult  to 
explain  why  the  Scottish  shales  should  differ  in  this  respect  Irom 


-.   and   oil   jldd    ol 
•hmle*  »f  Qrwn  BiTcr  formatloD. 

those  of  this  country.  However,  most  of  the  rich  Scottish  shales 
were  worked  out  before  ammonia  recovery  was  undertaken  by  the 
shale  producers  in  Scotland.  The  belief  in  the  inverse  relationship 
may  be  based  on  the  fact  that  no  ammonia  was  recovered  from  the 
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richer  shales,  whereas,  as  the  shales  mined  yielded  less  and  less  oil 
improved  methods  and  greater  necessity  of  recovering  by-product 
have  steadily  increased  the  yield  of  ammonia.  On  the  other  hand 
the  leaner  shales  may  have  been  deprived  of  part  of  their  origina 
organic  matter  by  a  natural  process  of  distillation.  This  would  tern 
to  increase  the  percentage  of  nitrogen  in  the  shale  in  proportion  U 
the  amount  of  organic  matter  distilled. 

Oil  shales  often  contain  small  quantities  of  pyrite  (iron  disul 
phide,  FeSj),  possibly  pyrrhotite  (FceSy  to  FeuSjj),  and  gypsun 
(calcium  sulphate,  CaS04.2H,0).  These  minerals  probably  contaiL 
most  of  the  sulphur  found  in  the  shales,  but  some  of  it,  as  indicated 
on  pages  43  and  47,  is  chemically  combined  in  the  organic  matter  of 
the  shale.  The  large  quantities  of  hydrogen  sulphide  given  off  at 
rather  low  temperatures  are  believed  to  be  from  this  organic  sulphur. 
Table  6  shows  the  sulphur  content  of  some  shales  of  economic  impor- 
tance. In  determining  the  commercial  possibilities  of  a  shale  one 
should  know  its  sulphur  content  and  the  sulphur  content  of  the  oil 
produced  from  it,  for  high-sulphur  oils  are  objectionable.  Sulphur 
in  oils  causes  bad  odors,  tends  to  make  white  distillates  become  dis- 
colored, and  often  prevents  an  oil  from  passing  many  of  the  preseni 
commercial  tests. 

Hydrogen  sulphide  is  a  toxic  gas  and  it  is  produced  in  varying 
amounts  when  practically  all  oil  shales  are  retorted.  Retort  opera- 
tors should  keep  this  fact  in  mind,  so  that  workers  may  not  be  ex- 
posed to  dangerous  concentrations. 

Tablk  6. — Sulphur  content  of  representative  oil  shales. 


Source  of  shale. 


Scotland* 

ElkOfNeVi* 

De  Beque.  Cola* 

lQ06.Cam.« 

Soldier  Summit,  Utab« 

QntnlUvttt  Wya« 

DOJon.  MoQt.* 

dayC^ty.Ky.* 

Watsoa,  ut«b« 

JoftiUft,  New  South  Wales  (best  grade)  h 

SooUandy  Roman  Camp  mine  Jubilee  aeam  c. 


Sulphur, 

Sunple 

percent. 

No. 

2.06 

PIOOTI 

4.10 

PlOQSi 

1.16 

Pion 

2.13 

P1(H7 

2.16 

P1048 

3.84 

P1055 

2.98 

P1068 

3.16 

P1061 

.48 

PIOBS 

.31 

.35 

•  T.  B.  Brighton,  analyst. 

h  Carn.  J.  £.,  The  kerosene  shale  deposits  of  New  South  Wales:  Memoir  Oeol.  Surrey  New  Sooth  Wales, 
1908,  p.  226. 

•  Steuart,  D.  R.,  The  oil  shales  of  the  Lothlans.    Part  m.  The  chemistry  of  the  oU  shales:  ICemdr 
Oeol.  Qamj  Scotland.  U  ed.,  1912;  p.  IM. 

POTASH  AKD  RARE  HXTALS  FROK  OIL  SHALES. 

Many  oil  shales  contain  small  quantities  of  potash,  but  even  after 
complete  retorting — ^that  is,  after  removal  of  all  volatile  and  fixed 
carbon — the  amoimt  of  water-soluble  potash  obtained  is  too  smaU 
to  make  recovery  feasible.  It  is  not  believed  that  oil  shales  can  be 
worked  commercially  for  their  potash. 


^  NATURE  AND  ORIGIN   OF  OIL  SHALE.  35 

^.11  oil  shales  may  not  have  been  formed  in  the  some  maimer  or 

.___the  same  kind  of  organic  matter,  and  that  different  cancluaions 

been  reached  by  different  investigators  because  they  ezaminod 

ent  shales.    Likewise  many  of  the  theories  may  be  correct  in 
and  many  of  the  suggested  methods  of  origin  may  hare  had 
^-' :hii^  to  do  with  the  formation  of  oil-shale  deposits, 
--^croscopic  examination  of  oil  shales  from  all  parts  of  the  world 
^.' ;:  ates  that  they  are  composed  of — 

)  Minute  carbonized  or  partly  carbonized  fragments  of  plants — 

I  showing  cellular  structure — small  spores,  pollen,  and  the  like. 

-—)  Yellow  or  reddish-yellow,  more  or  less  spherical  bodies,  re- 

— ed  as  algffi,  spores,  spore  cases,  grains  of  resin,  or  globules  of  oil. 

— ')  Irregular  streaks  of  reddish-yellow,  dark-brown,  or  opaque 

irial. 
,  ' )   Shells  of  small  crustaceans  and  parts  of  the  skeletons  and 
i    'soi  hah. 
_>)   Mineral  matter,  such  as  sand  grains  and  pyrite  crystals, 
here  is  little  evidence  to  indicate  that  animal  life  had  much  to  do 
._. .  1  the  formation  of  the  oil-yielding  material  of  shales,  and  much 
.  lence  to  the  contrary.    Possibly  the  animal  remains  are  the  source 
'  ouch  of  the  nitrogen  and  sulphur. 
□  general  the  following  opinion  prevails;  That  the  yellowish 
3ules  and  yellowish  or  brown,  often  nearly  black,  streaks  in  the 
.es  are  the  sources  of  the  oil  obtained  by  distilling  the  shales  and 
probably  of  vegetable  origin,  or  are  petroleum  as  such  or  in  some 
;red  form.    The  fact  that  little  real  oil  can  be  extracted  from 
les  by  ordinary  solvents  of  petroleum  seems  to  preclude  the  idea 
t  the  globules  are  petroleum  as  such. 

Jnder  the  microscope  some  shales  show  practically  no  organic 
^tter,  except  the  irregular  globular  yellowish  bodies;  others  con- 
n  few  globular  bodies,  the  organic  matter  being  in  irregular  dark- 
.  ored  streaks.    The  &:st  shale  worked  in  Scotland,  torbanite,  is  an 
'unple  of  the  former ;  many  of  the  shales  of  the  Green  River  forma- 
n  in  the  United  States  are  examples  of  the  latter.    All  degrees 
gradations  exist  between  the  two  extremes.     Some  investigators 
fferentiate  the  origin  of  torbanite  from  that  r'    "'    '    '     "^  *  " 
nsensus  of  opinion  is  that  the  origin  is  the  sam 
It  is  pretty  generally  agreed  that  the  mineral 
IS  laid  down  in  fresh-water  swamps  or  lagoons, 
igin  of  the  oil-yielding  substance  differ.    Mos 
:amined  ^ales  such  as  those  of  Scotland,  in  whi 
r  bodies  predominate,  and  less  information  ha 
le  origin  of  the  irregular  dark-colored  streaks 
■at  in  American  shales. 
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rieher  shales,  whereas,  as  the  shales  inined  yielded  less  and  less  oil, 
improved  methods  and  greater  necessity  of  recovering  by-products 
have  steadily  increased  the  yield  of  ammonia.  On  the  other  hand, 
the  leaner  shales  may  have  been  deprived  of  part  of  their  original 
organic  matter  by  a  natural  process  of  distillation.  This  would  tend 
to  increase  the  percentage  of  nitrogen  in  the  shale  in  proportion  to 
the  amount  of  organic  matter  distilled. 

Oil  shales  often  contain  small  quantities  of  pyrite  (iron  disul* 
phide,  FeSa),  possibly  pyrrhotite  (FegSj  to  FcuSja),  and  gypsum 
(calcium  sulphate,  CaS04.2H,0).  These  minerals  probably  contain 
most  of  the  sulphur  found  in  the  shales,  but  some  of  it,  as  indicated 
on  pages  43  and  47,  is  chemically  combined  in  the  organic  matter  of 
the  shale.  The  large  quantities  of  hydrogen  sulphide  given  off  at 
rather  low  temperatures  are  believed  to  be  from  this  organic  sulphur. 
Table  6  shows  the  sulphur  content  of  some  shales  of  economic  impor- 
tance. In  determining  the  commercial  possibilities  of  a  shale  one 
should  know  its  sulphur  content  and  the  sulphur  content  of  the  oil 
produced  from  it,  for  high-sulphur  oils  are  objectionable.  Sulphur 
in  oils  causes  bad  odors,  tends  to  make  white  distillates  becon^e  dis- 
colored, and  often  prevents  an  oil  from  passing  many  of  the  present 
commercial  tests. 

Hydrogen  sulphide  is  a  toxic  gas  and  it  is  produced  in  varying 
amounts  when  practically  all  oil  shales  are  retorted.  Retort  opera- 
tors should  keep  this  fact  in  mind,  so  that  workers  may  not  be  ex- 
posed to  dangerous  concentrations. 

Table  6. — Sulphur  content  of  representative  oU  shales. 


Source  of  shale. 


ScoUanda 

Elko,NeT.a 

De  Beque,  Ccdo.* 

Ione,Cam.a 

Soldier  Summit,  Utah* 

Oreeo  River,  Wyo.a 

DiUon.  Mocit.a 

day  City,  Ky.« 

Watson,  Utah  a 

Joadia,  New  South  Wales  (best  grade)  t 

Sootumd,  Romaa  Camp  mine  Jubilee  seam  c . 


Sulphur, 
peroemt. 


Sample 
NoT 


2.66 

PIOOO 

4.10 

Piooa 

1.16 

PlOll 

2.13 

P1047 

2.16 

P104S 

3.84 

P10S5 

2.08 

P1058 

3.16 

P1061 

.48 

P1065 

.31 

.35 

«  T.  B.  Brighton,  analyst. 

*  Came.  J.  £.,  The  kerosene  shale  deposits  of  New  South  Wales:  Memoir  Oeol.  Surrey  New  South  Wales, 
1903,  p.  7I2S, 

c  Steuart,  D.  R.,  The  oO  shales  of  the  Lothlans.  Part  m.  The  chemistry  of  the  flU  ahales:  Memoir 
Geol.  Survey  Scotland,  2d  ed.,  1012,  p.  164. 

POTASH  AKD  RARE  HfETALS  FROM   OIL   SHALES. 

Many  oil  shales  contain  small  quantities  of  potash,  but  even  after 
complete  retorting — ^that  is,  after  removal  of  all  volatile  and  fixed 
carbon — the  amount  of  water-soluble  potash  obtained  is  too  small 
to  make  recovery  feasible^  It  is  not  believed  that  oil  shales  can  be 
worked  commercially  for  their  potash« 


NATUBE  i^N^D  OBIGIN  OF  OIL  SHALE.  8d 

Much  discussion  has  been  aroused  by  reports  that  various  in- 
vestigators have  obtained  gold,  silver,  and  platinum  from  oil  shales, 
usually  by  secret  processes.  Assays,  made  by  the  Bureau  of  Mines,  of 
samples  of  oil  shale  said  to  carry  1  ounce  and  more  of  gold  per  ton, 
with  corresponding  silver  and  platiniun,  have  indicated  that  although 
gold  was  present,  it  existed  only  as  traces  of  the  order  of  0.01  ounce 
(about  20  cents)  per  ton  of  shale.  No  silver  or  platinum  has  been 
detected. 

As  many  of  those  who  claim  to  have  found  gold  and  other  precious 
metals  in  paying  quantities  state  that  the  metals  can  not  be  detected 
or  recovered  unless  they  are  "  unlocked  "  by  preliminary  treatment, 
the  bureau  made  a  series  of  tests  and  assays  to  determine  the  validity 
of  these  claims.  Several  of  the  tests  were  made  in  the  presence  of 
and  according  to  the  methods  said  to  be  necessary  by  one  of  the 
private  investigators  who  has  received  much  publicity  from  his  re- 
puted discovery  of  methods  of  recovering  precious  metals  from  oil 
shales.  A  shale  from  which  this  investigator  claimed  he  had  re- 
covered $7.50  in  gold  per  ton  was  used  in  the  tests.  Assays  were 
made  of  the  raw  shale,  spent  shale,  decarbonized  shale,  decarbonized 
shale  treated  with  chlorine  at  temperatures  most  favorable  for  the 
formation  of  gold  chloride,  and  of  shale  decomposed  by  chromic 
acid.  All  the  assay  returns  checked  closely  and  indicated  that  the 
shale  carried  less  than  65  cents  in  gold.  The  fire  assay  return  on  the 
raw  shale  was  the  same  as  on  the  shale  subjected  to  the  various  pre- 
liminary treatments. 

This  work  and  similar  assays  by  the  bureau,  as  well  as  by  other  in- 
vestigators, indicate  little  chance  of  gold  and  similar  precious  metals 
being  commercially  recoverable  from  oil  shale.  There  is  no  par- 
ticular reason  why  gold  should  occur  in  oil  shale  any  more  than  it 
does  in  sea  water,  and  although  it  is  possible  that  small  partings  or 
fissures  in  the  shales — ^not  the  shale  itself — ^might  carry  notable 
quantities  of  these  metals,  it  is  not  believed  that  oil  shale  will  ever 
be  a  commercial  source  of  gold,  silver,  platiniun,  or  allied  metals. 

KEROQEK,  THE  Oni-TIEIJ>IKO  MATERIAL  OF  OHi  SHALES. 

Little  information  is  available  as  to  the  chemical  compositit>n  of 
the  organic  oil-yielding  material  of  oil  shales,  the  so-called  kerogen. 
From  a  careful  study  of  Scottish  shales.  Mills  '*  gives  the  composi- 
tion of  an  average  sample  as : 

Ultimate  analytia  of  Bcotiiah  thdle. 

Fop  cent. 

CapboD 25. 27 

Hydrogen 3. 67 

Oxygen 5. 65 

"Mllli.  E.  J.,  DestructlTe  dlstiUAUon.    4Ui  ed.,  London,  1892,  pi  60. 
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Nitrogen 1. 14 

Sulphur -: .  49 

63.78 


100. 00 

Undoubtedly  part  of  the  nitrogen  and  sulphur  of  the  shale  are  in 
combination  with  the  kerogen,  but  excluding  these  and  the  ash, 
Mills  finds  the  chemical  composition  of  kerogen  to  be  as  follows : 

Compoaition  of  kerogen  of  Scottish  shale. 

Per  cent 

Carbon 73.05 

Hydrogen 10.62 


100.  00 

This  corresponds  to  the  empirical  formula  CeHioO.  Mills  there- 
fore believes  that  the  kerogen  molecule  of  Scottish  shale  can  be  rep- 
resented by  the  formula  n (CeHioO),  n  being  undoubtedly  a  large 
number. 

Certainly  the  kerogen  molecule,  if  kerogen  is  a  definite  chemical 
substance,  is  large  and  complicated.  Although  the  kerogen  in  differ- 
ent shales  shows  certain  resemblances  under  the  microscope,  it  is  not 
probable  that  the  kerogen  of  all  shales  has  the  same  composition, 
nor  that  the  kerogen  of  any  one  shale  is  a  definite  chemical  com- 
pound. The  properties  of  the  oil  from  different  shales  differ  widely, 
even  when  the  shales  are  retorted  under  identical  conditions,  as  is 
shown  by  Talle  7. 

Tabub  7. — Yield  and  nature  of  oil  from  different  American  oil  shales. 

{Retorted  under  identical  conditloas  In  Bureau  of  Mines  laboratory  retort.| 
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There  is  much  conflict  of  evidence  as  to  the  origin  of  oil  shales, 
and  evidently  much  research  work  must  be  done  before  the  question 
can  be  definitely  settled.  In  the  pages  following,  which  present 
various  theories  of  origin,  it  is  well  to  keep  in  mind  the  probability 
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that  all  oil  shales  may  not  have  been  fonned  in  the  same  manner  or 
from  the  same  kind  of  organic  matter,  and  that  different  conclusions 
have  been  reached  by  different  investigators  because  they  examined 
different  shales.  Likewise  many  of  the  theories  may  be  correct  in 
part,  and  many  of  the  suggested  methods  of  origin  may  have  had 
something  to  do  with  the  formation  of  oil-shale  deposits. 

Microscopic  examination  of  oil  shales  from  all  parts  of  the  world 
indicates  that  they  are  composed  of — 

(1)  Minute  carbonized  or  partly  carbonized  fragments  of  plants — 
often  showing  cellular  structure — small  spores,  poUen,  and  the  like. 

(2)  Yellow  or  reddish-yellow,  more  or  less  spherical  bodies,  re- 
garded as  algee,  spores,  spore  cases,  grains  of  resin,  or  globules  of  oiL 

(3)  Irregular  streaks  of  reddish-yellow,  dark-brown,  or  opaque 
material. 

(4)  Shells  of  small  crustaceans  and  parts  of  the  skeletons  and 
scales  of  fish. 

(5)  Mineral  matter,  such  as  sand  grains  and  pyrite  crystals. 
There  is  little  evidence  to  indicate  that  animal  life  had  much  to  do 

with  the  formation  of  the  oil-yielding  material  of  shales,  and  much 
evidence  to  the  contrary.  Possibly  the  animal  remains  are  the  source 
of  much  of  the  nitrogen  and  sulphur. 

In  general  the  foUowing  opinion  prevails:  That  the  yellowish 
globules  and  yellowish  or  brown,  often  nearly  black,  streaks  in  the 
shales  are  the  sources  of  the  oil  obtained  by  distilling  the  shales  and 
are  probably  of  vegetable  origin,  or  are  petroleum  as  such  or  in  some 
altered  form.  The  fact  that  little  real  oil  can  be  extracted  from 
shales  by  ordinary  solvents  of  petroleum  seems  to  preclude  the  idea 
that  the  globules  are  petroleum  as  such. 

Under  the  microscope  some  shales  show  practically  no  organic 
matter,  except  the  irregular  globular  yellowish  bodies;  others  con- 
tain few  globular  bodies,  the  organic  matter  being  in  irregular  dark- 
colored  streaks.  The  first  shale  worked  in  Scotland,  torbanite,  is  an 
example  of  the  former ;  many  of  the  shales  of  the  Green  River  forma- 
tion in  the  United  States  are  examples  of  the  latter.  All  degrees 
of  gradations  exist  between  the  two  extremes.  Some  investigators 
differentiate  the  origin  of  torbanite  from  that  of  oil  shale,  but  the 
consensus  of  opinion  is  that  the  origin  is  the  same. 

It  is  pretty  generally  agreed  that  the  mineral  matter  of  the  shales 
was  laid  down  in  fresh- water  swamps  or  lagoons,  but  opinions  on  the 
origin  of  the  oil-yielding  substance  differ.  Most  investigators  have 
examined  shales  such  as  those  of  Scotland,  in  which  the  yellow  globu- 
lar bodies  predominate,  and  less  information  has  been  published  on 
the  origin  of  the  irregular  dark-colored  streaks  and  globules  preva- 
lent in  American  shales. 
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Bertrand  and  Renault "  beUeve  that  the  torbanites  were  composed 
of  accumulations  of  microscopic  gelatinous  algae,  which  were  pre- 
served from  complete  decomposition  by  an  antiseptic  solution,  pos- 
sibly derived  from  their  own  decay,  and  that  the  antiseptic  solution 
is  now  represented  by  the  opaque  organic  matter  of  the  shales. 

Jeffery  **  attempts  to  disprove  the  algal  theory,  and  suggests  that 
the  supposed  algee  are  deeply  sculptured  coats  of  the  spores  of  vascu- 
lar cryptogams. 

Seward  '*  believes  that  the  so-called  organic  bodies  might  after  all 
be  found  to  be  of  inorganic  origin. 

David  White  *•  originally  accepted  the  algal  theory  of  Bertrand 
and  Renault,  but  later  transferred  his  support  to  the  spore  theory  of 
Jeffeiy.*^ 

Cadell^^  suggests  that  the  animal  matter  (entomostraca  and  fish 
remains)  of  the  shales  may  be  the  source  of  much  of  the  nitrogenous 
matter,  and  that  shales  now  devoid  of  fossils,  but  rich  in  oil  and 
nitrogen,  may  have  derived  their  oil-yielding  material  from  organ- 
isms with  soft  bodies  and  no  shell.  Later  ^'  he  suggested  that  oil 
shales  are  derived  from  an  extremely  macerated  peat. 

Steuart  **  concludes,  from  his  own  work  and  that  of  previous  in- 
vestigations, that "  oil  shales  may  therefore  be  composed  of  (1)  vege- 
table matter  which  has  been  made  into  a  pulp  by  maceration  in  water 
and  preserved  by  combining  with  salts  in  solution  *  *  *>  (2) 
richer  materials  of  many  kinds,  such  as  spores,  which  nature  has 
provided  with  means  for  protection  against  decay;  and  (3)  a  propor- 
tion of  animal  matter."  He  also  concludes  that  oil  shale  "  may  be 
considered  a  torbanite  containing  a  larger  proportion  of  earthy  mat- 
ter from  its  original  deposition,  or  is  simply  a  torbanite  which  has 
deteriorated  with  age."  He  gives  this  reason  for  the  variations  in  the 
organic  matter : 

In  accounting  for  the  differences  between  different  shales  and  between  shale, 
iorbanlte,  etc.,  we  must  remember  that  during  the  deposition  of  the  sediments, 
as  the  lapse  of  time  was  very  great,  the  climate  must  have  varied  to  some  ex- 
tent, and  the  algie  and  plankton  generaUy  of  the  lagoon  mnst  have  dianged 

"  Bertrand,  C.  Eg.,  and  Benaalt,  B.,  Pila  bibractensis  et  le  boghead  d*Autun :  Boll.  Soc. 
Hi»t  Nat.  AQtan,  vol.  6,  1892,  p.  159. 

*■  Jeljreiy,  B.  C,  On  the  compooitlon  and  qnailtiei  of  coal :  Econ.  QeoH.,  vol.  0,  1014,  p^ 
7S6.    The  mode  of  origin  of  coal :  Jour.  Geol.,  yoL  28,  1016,  p.  220. 

>»  Reward,  A.  C,  Fossil  plants.    Vol.  1,  1808,  p.  178. 

«> Whiter  David,  Zinc  and  lead  deposits  of  the  Upper  Mississippi  Valley:  U.  8.  Geol. 
Surrey,  Ball.  204,  1006,  p.  26.  The  effect  of  oxygen  on  coal:  U.  S.  Geol.  Surrey,  Boll. 
882,  1000,  p.  60. 

«>  White,  David,  and  Thiessen,  R.;  The  origin  of  ooal :  Ball.  88,  Bureau  of  lOnes,  lOlg, 
p.  8. 

«>CadelI,  H.  M.,  The  oil  shale  fields  of  the  Lothians:  Trans.  Inst  llln.  Stag.,  vol.  22; 
1001,  pp.  314-871. 

«>  Cadell,  H.  M.,  The  story  of  the  Forth.    Glasgow,  1018,  p.  8. 

««  Steuart,  D.  R.,  The  oil  shales  of  the  Lothians.  Part  III,  Th«  ehwBtetty  of  the  oil 
shales :  Memoir  Geol.  Survey  Beotland,  2d  «L,  1012,  ppi  164*166, 
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also,  together  with  the  shore  vegetation  producing  x>oUen,  spores,  and  seeds. 
The  differences  and  varieties  might  have  arisen  from  changes  in  the  proportion 
of,  or  nature  of,  the  humus,  the  spores,  and  the  animal  matter.  And  there  are 
also  the  modifications  produced  by  age,  and  the . different  conditions  to  which 
they  have  been  subjected  during  their  long  history  in  the  earth,  such  as  warmth 
from  depth  or  from  proximity  to  intruded  Igneous  rock. 

Scheithauer *•  believes  that  a  "large  number  of  marine  animals 
perished  on  certain  occasions,"  possibly  as  the  result  of  volcanic 
eruptions,  and  states  as  evidence  that  the  Scottish  shale  deposits 
have  been  shown  to  belong  to  the  volcanic  region. 

Kobertson  ^'  gives  as  his  conclusions  that  "  there  is  little  resinous 
matter  in  oil  shales,  and  that  the  organic  matter  is  a  decomposition 
product  of  vegetable  matter,  of  a  nature  like  that  found  in  peat  and 
cannel  coal,  ♦  ♦  ♦  and  produced  by  a  definite  combination  of 
external  conditions." 

Davis  *^  writes  as  follows  regarding  the  microscopic  studies  he  was 
making  at  the  time  of  his  death : 

It  is  clear  that  the  structureless  material  of  the  Qreen  River  shales  probably 
originated  in  a  collection  of  plant  debris  which  has,  by  decomposition  and  the 
activities  of  bacteria  and  other  microscopic  organisms,  passed  into  a  jellylike 
phase,  which  is  to  be  found  in  certain  kinds  of  peat  deposits.  The  plant 
remains  that  have  been  found  characterizing  the  shales  from  every  locality 
from  which  they  have  been  examined  (Oreen  River  formation)  ave  those  of 
microscopic  alg»  mixed  in  smaU  percentage  with  pollen  and  similar  parts  of 
higher  plants.  Animal  remains  have  been  very  rare  in  the  material  studied, 
and  those  noted  were  chiefly  those  of  insects  in  a  very  fragmental  state. 

It  seems  apparent,  therefore,  that  the  study  of  the  microscopic  structure  of 
these  shales,  as  seen  In  vertical  and  horizontal  sections,  leads  to  the  conclusion 
that  the  material  was  laid  down  originally  in  water,  and  that  it  passed  through 
a  series  of  stages  of  decomposition  before  consolidation  and  lithification  had 
taken  place.  The  remarkably  well-preserved  state  of  the  delicate  plant  struc- 
tures which  have  been  examined  indicates  very  slight  disturbances  of  the 
original  material  and  an  almost  entire  lack  of  changes  produced  by  the  action 
of  metamorphosing  agencies  since  lithification. 

Cunningham-Craig  *•  advances  the  theory  that  an  "  oil-shale  field 
may  be  considered  as  the  relics  of  a  former  oil  field.'^  That  is,  oil 
has  been  formed  in  argillaceous  deposits  from  vegetal  debris,  has 
migrated  into  porous  beds,  and  "if  any  argillaceous  beds  of  suflBcient 
absorptive  capacity  exist  in  the  vicinity  of  oil  rocks,  they  will  grad- 
ually absorb  and  adsorb  the  heavier  and  unsaturated  hydrocar- 
bons, and  by  their  smaller  porosity,  especially  if  capped  by  imper- 
vious beds,  will  protect  the  adsorbed  liquid  from  displacement  by 

«■  B^eltbaiier,  W.,  Shale  oili  and  tan  and  tbeir  prodnets.    London,  1918,  p.  12. 

^Bobertflon,  J.  B.,  A  cbamlcal  examination  of  the  organic  matter  in  oil  ahales: 
Proc.  Roy.  Soc.  Edinburgh,  vol.  34,  1914,  pp.  190-201. 

o  Winchester,  D.  B.,  Oil  shale  in  northwestern  Colorado  and  adjacent  aveaaeU.  8. 
Geol.  Surrey,  Bnll.  641,  1917,  pp.  16a-165. 

«>  Cunningham-Craig,  E.  H.,  Kerogen  and  lBerog«Bi  shalea :  Joar.  mat.  Pat  Tech.,  yoL  2, 
1916,  pp.  238-269 ;  A  treatise  on  British  nUnerml  olL    London,  1919,  pp^  8-68^ 
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lixiyiation,  while  inspissation  is  gradually  modifying  the  petroleum 
in  the  direction  of  kerogen."  Craig  also  believes  that  torbanite,  etc., 
differs  from  oil  shale  in  origin,  and  says  that  the  former  may  be 
considered  ''an  incipient'  form  of  petroleum  developed,  adsorbed, 
and  inspissated  in  situ." 

Conacher**  believes,  after  exhaustive  microscopic  investigations, 
that  the  "  oil-yielding  material  consists  of  resin  fragments  (yellowish 
in  color  and  in  shape  usually  like  flattened  spheres)  which  owe  their 
external  form  either  to  their  site  of  origin  in  the  plant  or  to  attrition 
in  transport."  He  believes  ^  that  petrolemn  has  played  no  part  in 
the  origin  of  Scottish  oil  shales  or  torbanites,  and  that  the  opaque 
organic  matter  of  the  shales  contains  the  nitrogen  and  represents 
the  liquid  putrefaction  products  of  vegetable  matter;  further,  that 
this  matter  yields  the  tarry  products  of  distillation,  with  possibly 
some  of  the  paraffins.  He  states  that  on  distillation  those  shales  con- 
taining the  higher  percentages  of  what  he  terms  resin  (the  yellowish 
bodies)  yield  a  larger  quantity  of  lighter  oil  than  those  in  which 
opaque  matter  predominates.  ''  It  seems  that  this  opaque  matter 
is  of  the  nature  of  the  amorphous  groundmass  of  ordinary  coal,  and 
that  from  it  is  derived  by  distillation  such  products  as  are  charac- 
teristic of  coal  tars  (even  low-temperature  tars)  while  the  yellow 
bodies  are  the  source  of  typical  shale  products,"'^  Further,  he 
states,  "  evidently  it  is  this  material  (the  opaque  matter)  that  yields 
*  *  *  possibly  the  bulk  of  the  nitrogenous  compounds  (includ- 
ing ammonia  and  the  nitrogen  combined  with  hydrocarbons)*" 

With  reference  to  the  oil  shales  of  the  Green  River  formation  in 
the  United  States,  Mr.  Conacher*'  informs  the  writer  that  though 
they  contain  yellow  particles,  these  bodies  are  not  like  those  in  the 
Scottish  oil  shales  and  torbanites. 

Mr.  A.  C.  Thomson,  chief  refinery  engineer  of  the  Pumpherston 
Oil  Co.,  of  Scotland,  has  kindly  given  the  writer  some  notes  on  a 
swamp  in  Brazil  which  are  of  interest  as  describing  the  actual  forma- 
tion of  an  oil-shale  deposit.    The  notes  are  summarized  below : 

At  TaubatS,  about  50  miles  from  Sao  Paulo,  a  shale  was  worked 
for  some  time.  About  5  miles  from  this  place  a  flat,  very  marshy 
stretch  extends  for  two-thirds  of  a  mile  on  each  side  of  the  river. 
When  Mr.  Thomson  examined  this  marsh  it  was  well  covered  with 
vegetation  (lichens),  and  in  muddy  pools  on  it  fish  were  alive.  In 
pools  nearly  dry  fish  were  dead  in  the  mud.    In  exposures  behind 

this  level  place  soft,  damp,  but  well-laminated  shales  had  been 

-  -  — --  -  — — — — • — ■  ■  ■      - 

«•  Conadier,  H.  R.  J.,  A  itndy  of  oil  sh&lM  and  torlMiiiltes :  Trans.  Geol.  Boc  Olaagow, 
▼ol.  16,  part  2,  1916-17,  pp.  164-192. 
■•Conacliar,  H.  R.  J.,  Same  work,  p.  18ft. 
■>  Conacher,  H.  R.  J.,  Same  work,  p.  174. 
■Conaeiier,  H.  B.  J.,  Personal  comoranleatlon,  1920. 


THE  CHEMISTRY  OF  OIL-SHALE  DISTILLATION.  80 

noted,  and  to  get  information  as  to  their  possible  formation  a  pit 
was  sunk  in  the  marsh  to  a  depth  of  20  feet,  passing  through  alter« 
nate  beds  of  black  and  brown  mud.  At  16  feet  distinct  lamination 
began,  and  between  the  laminations  a  few  well-defined  fish  fossils 
were  found,  showing  exactly  the  same  structure  as  those  fomid  in  the 
river  to-day.  The  black  mud,  considered  shales  in  formation,  was 
deposited  when  the  vegetable  growth  was  of  long  duration.  The 
brown  mud  would  form  the  brown  earthy  ribs  alwajrs  found  in  shale 
beds  and  was  deposited  during  a  period  of  water  overflow.  When 
the  water  receded,  vegetable  growth  would  again  begin. 

Thiessen,'*  after  a  preliminary  study  of  a  Scottish  shale  and  of 
Devonian  shales  of  Illinois,  Indiana,  and  Kentucky,.concluded — 

*  •  •  tliat  the  oU  shales,  as  tar  as  ezamiiied,  do  not  contain  oil  as  such, 
but  that  the  oils  derived  from  them  are  derived  from  organic  matter  contained 
In  them.  All  the  identl^able  matter  consists  of  plant  matter  or  plant  degrada- 
tion matter.  No  animal  matter  has  been  recognized.  The  larger  part  of  the 
organic  matter  consists  of  sporei^  the  proportion  of  spores  varying  in  different 
shales  and  in  different  strata  of  the  same  shale.  A  considerable  amount  of 
caticolar  matter  and  s^me  woody  degradation  matter  is  also  present,  but  Uttle 
or  no  resinous  matters  have  been  recognized. 

He  also  says  ^  that  the  Scottish  shale  is  very  similar  to  the  Devo- 
nian shales  of  the  eastern  part  of  this  country. 

While  the  same  kind  of  constituents  comprise  this  shale  they  .are  present  in 
somewhat  different  proportions  *  *  \  The  shale  also  contains  a  sUghtly 
larger  number  of  larger  resinous-appearing  dark-br^wa  bodies,  of  a  roughly 
rounded  shape.  The  larger  spores,  of  which  there  are  several  kinds,  are  of 
different  form  and  sculpturing,  and  hence  are  of  different  species  than  those 
of  the  Illinois  shale. 

THE  CHEKISTBT  OP  OIIrSEALE  BISIILLA110H. 

To  all  intents  and  purposes,  as  has  been  shown,  oil  shale  contains 
no  oil  as  such,  the  source  of  the  oil  being  an  organic  substance  termed 
kerogen.  Although  a  tentative  empirical  formula  for  the  kerogen 
of  Scotch  shale  has  been  determined  (see  p.  34),  it  is  more  than 
likely  that  kerogen  is  not  a  definite  chemical  compound  but  is  made 
up  of  molecules  of  various  types  and  sizes,  and  that  the  oil-yielding 
materials  or  "  kerogens  "  of  different  shales  are  unlike  chemically. 

Whatever  its  chemical  composition,  kerogen  is  undoubtedly  of 
organic  origin  and  is  made  up  of  carbon,  hydrogen,  oxygen,  nitrogen, 
and  sulphur;  also  its  molecules  are  undoubtedly  large  and  complex. 
Kerogen,  as  such,  is  of  no  practical  value,  but  by  heating  in  a  retort 
its  complex  and  large  molecules  are  "cracked"  to  form  the  more 
simple  molecules  of  gaseous,  liquid,  and  solid  hydrocarbons  and 

■  Thlen^,  Relnhardt,  Origin  and  coaipoaitioii  of  certain  oil  shalei :  Scon.  Gecrt.,  voL 
Itt.  1921,  p.  298-300. 
**Thle80en,  Reinhardt,  work  dted,  p.  296* 
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their  derivatives,  that  are  more  or  less  similar  to  those  derived  from 
oil-trell  petrolemns. 

HTDBOCABBONS. 

A  hydrocarbon  is  an  organic  compound  of  the  elements  hydrogen, 
H,  and  carbon,  C.  (generally  speaking,  the  simplest  and  lightest 
hydrocarbon  molecules  form  gases,  the  heavier  and  more  complex 
molecules  form  liquids,  and  molecules  still  heavier  and  more  complex 
form  solids.  As  a  nile  the  specific  gravities  and  boiling  points  of  the 
hydrocarbons  increase  with  the  size  and  complexity  of  the  component 
molecules. 

For  example,  natural  gas  is  chiefly  the  hydrocarbon  methane,  CH4, 
sometimes  with  small  amounts  of  ethane,  CsH^,  and  higher  hydro- 
carbons. Commercial  gasoline,  when  made  by  ordinary  distillation 
from  a  paraffin-base  crude,  is  a  mixture  of  several  liquid  hydrocar- 
bons of  the  paraffin  series,  such  as  hexane,  CeHi4,  heptane,  CfH^^, 
octane,  CsHig,  and  others.  The  hydrocarbons  of  kerosene  and  the 
heavier  fluid  petroleum  oils  are  composed  of  molecules  still  more 
complex  and  with  more  carbon  and  hydrogen  atoms,  such  as  tride- 
cane,  dsH^t*  '^^  solid  paraffins  or  waxes  are  generally  considered 
to  be  composed  of  still  heavier  and  more  complex  hydrocarbons,  such 
as  trikosane,  C23H43,  etc 

SATUKATED  AND  UNSATURATED  HTDROCAKBONS. 
PABAFFIN   BESIES,   BATUBATED. 

Hydrocarbons  of  the  paraffiji  series  are  said  to  be  saturated,  be- 
cause the  molecules  are  saturated  with  hydrogen;  that  is,  they  are 
unable  to  take  up  more,  hydrogen  atoms.  All  the  paraffiji  hydrocar- 
bons are  members  of  th6  paraffin  series.  Their  type  formula  is 
CnH,n+2>  where  n  theoretically  may  be  any  number.  (The  hydro- 
carbon n.  hexacontane  CeoHj^a  is  the  longest  normal  paraffin  chain 
known.)  The  carbon  atom  is  said  to  be  quadrivalent  or  to  have  the 
power  of  combining  with  four  other  atoms,  or  groups  of  atoms,  each 
atom  or  group  having  a  combining  power  or  valence  of  one.  Graph- 
ically the  valencies  of  the  carbon  atom  may  be  represented. 

I 

and  thus  the'  satarated  methane  molecule,  CH.„  in  which  all  these 
valencies  are  oompletely  utilized,  is  represented: 

H 

H— C— H 
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A  carbon  atom  may  be  combined  with  hydrogen  atoms,  the  atoms 
of  other  elements  and  groups  of  atoms,  and  with  other  carbon  atoms. 
Thus  the  ethane  molecule,  CtH«,  has  tiie  graphic  formula : 

HH 
H— C-C— H  or  CH,— CH. 

u 

In  the  graphic  formula  all  the  valencies  of  the  two  carbon  atoms  are 
shown  to  be  completely  utilized. 

As  the  number  of  atoms  in  a  paraffin  hydrocarbon  molecule  in- 
creases, the  structure  of  the  molecule  becomes  more  complex,  and 
several  molecules  can  have  the  same  constitutional  formula  but  dif- 
ferent structural  relations.  For  example,  the  hydrocarbon  butane, 
C4Hio,  exists  in  two  forms : 

(1)  OH, — CH, — CH,— CH,,  the  normal  form  (n  butane),  or 

(2)    CH,-CH< 

^CH, 

the  'isomeric''  form  (isobutane).  Butane  and  isobutane  have 
quite  different  properties.  Moreover,  as  hydrocarbon  molecules  be- 
come more  complex,  or  larger,  more  isomeric  forms  can  and  do  exist. 

NAPHTHXRX  SISIBS,  SATURATED. 

Saturated  hydrocarbons  of  another  series  may  be  important  con- 
stituents of  shale  oils.  This  is  the  saturated  monocyclic  or  naphthene 
series,  having  the  type  formula  CnH,n5  but  the  structure  of  the  mole- 
cules of  this  series  is  represented  as  a  closed  chain,  or  ring;  for 
example,  the  first  member  of  the  series,  the  hydrocarbon  trimethy- 
lene  or  cyclopropane,  C,He,  is  graphically  indicated: 

This  hydrocarbon  behaves  much  less  like  a  saturated  hydrocarbon 
than  the  cyclic  compounds  with  five  and  six  carbon  atoms  in  the  ring, 
probably  because  the  valencies  or  bonds  connecting  the  carbon  atoms 
of  cyclopropane  are  bent  or  strained  from  their  normal  position. 
The  properties  of  cyclopentane,  C5H10,  and  cyclohexane,  CeHj,,  are 
very  much  like  those  of  normal  pentanci  C,H]li9  ^^^  normal  hexane, 
C,Hi4,  respectively. 
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Naphthene  hydrocarbons  may  be  complex;  the  grmphic  fbrmca 
above,  by  addition  of  a  side  chain,  may  become : 

C  H— C  H<— C  Hr-C  H, 


H,C<^ 


propyl  trimethylene. 

SATURATED  POLTCTCLIC  HTDBOCAJBONB. 

Saturated  polycyclic  hydrocarbons  having  the  empirical  formuh- 
C»H^^,  CnHjn^,  CdHjb-^,  etc.,  may  occur  in  shale  oils.  As  the  cLl- 
name  for  this  group  indicates,  the  molecular  structures  are  built  z 
of  more  than  one  ring.  Many  lubricating  oils  are  believed  to  be  con 
posed  of  polycyclic  hydrocarbons. 

UHBATUaATXD   BTIIBOCABBONB. 

A  hydrocarbon  molecule  containing  less  hydrogen  than  the  maxi- 
mum possible  is  said  to  be  unsaturated;  if  it  is  an  ^ opexi-chaiii ' 
molecule,  it  contains  a  smaller  percentage  of  hydrogen  than  a  sit- 
urated  ^  open-chain  "  molecule  of  the  same  number  of  carbon  atoms 
Under  proper  conditions,  unsaturated  hydrocarbons  can  be  saturate: 
by  direct  addition  of  hydrogen  atoms,  whereas  direct  addition  o' 
such  atoms  to  a  saturated  hydrocarbon  is  not  possible.  The  three  uc 
saturated  series  of  hydrocarbons  of  possible  importance  in  shale  o. 
are  the  olefin,  diolefin,  and  acetylene  series. 

OLBllV  8BEZI8. 

The  type  formula  of  the  olefin  series  is  CbH^.  The  first  member 
is  the  gas,  ethylene,  C^H^,  sometimes  graphically  repreeeiited 

H         H 

G    —    0  but  umially  CHa^-CH, 

H  H 

In  ethylene  each  carbon  atom  has  an  unsatisfied,  strained,  or  no- 
combined  valence  or  combining  power,  indicated  by  the  double  boci 
between  the  carbon  atoms.  The  double  bond  does  not  represent  a  it- 
enforcement  of  a  single  bond,  but  indicates  a  point  of  molecular 
weakness  or  strain.  Ethylene  contains  14.3  per  cent  of  hydrogen,  a5 
compared  with  20  per  cent  in  the  corresponding  paraffin  hydrocar 
bon  ethane,  CjHe.  The  second  member  of  the  olefin  series  is  propy- 
lene, CgHe,  or  CH2=CH — CHj.  Among  the  higher  m^bers  then? 
are  isomeric  types.  The  olefins  are  probably  the  predominating  un- 
saturated hydrocarbons  in  shale  oils. 

DZOLXmr  8SBISS. 

Another  unsaturated  series  of  hydrocarbons  undoubtedly  oocnrriiu: 
in  shale  oil  is  the  diolefin;  the  first  member  of  this  seriee  ia  an  uj:- 
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stable  gas,  propadiene,  or  allene,  C8H4,  which  contains  10  per  cent  of 

hydrogen  and  is  represented  by  the  graphic  formula  CRi=:C=CEL„ 

or 

H^  ^H 

>C=C=0< 

There  is  a  series  of  compounds  based  on  this  hydrocarbon,  with  its 
more  complex  isomeric  types,  as  in  the  other  series  mentioned.  It 
may  be  noted  that  propadiene  is  isomeric  with  allylene,  CsH^,  the 
second  member  of  the  acetylene  series,  but  the  latter  has  the  follow- 
ing structural  or  graphic  formula: 

H 

H— C— C=CH    or    CHr-C=CH 

« 

ACETYLENE  8EBIS8. 

Another  series  of  unsaturated  hydrocarbons  that  may  be  present 
in  shale  oils  is  the  acetylene,  though  there  is  much  experimental 
evidence  that  acetylenes  are  not  present  in  oils  produced  by  destruc- 
tive distillation.  The  first  member  of  the  series  is  the  gas  acetylene, 
OjHj,  which  contains  7.7  per  cent  of  hydrogen  and  is  graphically 
represented: 

H— 0=0— H    or    HOsOH 

Each  carbon  atom  thus  has  two  unsatisfied  combining  powers  or 
valencies,  indicated  by  the  triple  bond.  The  type  formula  for  this 
series  is  CnHsa-a,  which  also  serves  as  the  type  formula  for  the 
diolefin  series. 

BENZENE  8EBIE8. 

Members  of  still  another  series  of  hydrocarbons — ^the  aromatic  or 
benzene  series — probably  are  present  in  small  quantities  in  shale  oil. 
The  aromatic  hydrocarbons  are  really  unsaturated,  but  often  are 
not  so  considered  because  many  of  their  properties  are  like  those  of 
the  saturated  compounds.  The  type  formula  is  CnHsn-e*  l^e  fii^ 
member  of  the  series  is  the  liquid  benzene,  CeH^,  graphically  repre- 
sented: 

OH 

A 

HCvx       l|oH 
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The  next  member  is  the  liquid  toluene,  C^Hg,  or, 

C—CH, 


H 
and  90  on. 

As  this  brief  discussion  has  indicated,  hydrocarbon  molecules  can 
be  indefinitely  complex,  and  unsaturated  and  saturated  groupings 
may  be  present  in  the  same  molecule.  In  addition,  the  oxygen,  nitro- 
gen, and  sulphur  derivatives  of  hydrocarbons  of  all  these  series  have 
to  be  considered  in  the  study  of  shale  oiL 

CHANGES  OF  OIL-SHAIiE  HYBEOCAEBOHS  BT  BESTEVCTIVE 

BISTILLATIOH. 

The  oil-producing  substance  of  oil  shales,  though  its  composition 
differs  in  different  shales,  has  been  given  the  name  kerogen,  as 
already  noted.  Kerogen  is  practically  insoluble  in  the  common 
organic  solvents  of  bitumens,  such  as  carbon  disulphide,  and  is  there- 
fore classed  as  a  pyrobitumen.  Certain  pyrobitumens — ^those  classed 
as  asphaltic  pyrobitumens — on  being  heated  change  into  bitumens; 
that  is,  they  become  largely  soluble  in  organic  solvents,  particularly 
in  carbon  disulphide  and  carbon  tetrachloride.*'  Apparently  the 
oil-producing  materials  of  most  oil  shales  are  correctly  considered 
as  asphaltic  pyrobitumens,  and  thus,  when  an  oil  shale  is  heated, 
the  first  step  in  the  conversion  of  kerogen  into  oil  and  gas  is  the 
change  of  the  insoluble  pyrobitumen — ^kerogen — ^into  a  bitumen 
largely  soluble  in  carbon  disulphide,  and  which,  when  extracted  from 
the  shale  and  freed  from  its  solvent,  is  at  ordinary  temperatures  a 
solid  or  semisolid,  asphaltic-like  substance. 

How  pyrobitumen  changes  to  bitumen  is  not  known,  but  it  has 
been  suggested  that  the  change  may  be  of  the  nature  of  a  complete  or 
partial  depolymerization.  It  has  been  believed  that  the  conversion 
begins  at  a  relative  high  temperature  (approximately  400^  C.)« 
but  recent  work  of  the  Bureau  of  Mines  shows  that,  for  certain  shales 
at  least,  the  conversion  is  apparently  progressing,  although  very 
slowly,  at  temperatures  as  low  as  200®  C.    The  rate  of  conversion 

H  McKee,  Ralph  H.,  and  Lyder,  E.  B.«  Thermal  decomposition  of  oil  shales :  Engineering 
and  Sdentiilc  Paper  No.  6,  Columbia  University,  New  York,  Angnst,  1921,  pp.  <^10. 
Ahrabam,  Herbert,  Asphalts  and  allied  substances,  1920,  pp.  1&-27,  66-ft8,  149-104. 
Bngler,  C^  Die  Chemie  ond  Physik  des  Brddls.     Bd.  1.  Leipslg,  1913,  pp.  35-37. 
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increases  with  the  temperature ;  pressure  seemingly  has  little  direct  in- 
fluence on  it.  At  teniperatures  as  high  as  400^  C.  the  bitumen  forms 
rapidly,  and  decomposes  almost  as  fast  as  it  f orms^  unless  the  dis- 
tillation Gfystem  is  under  considerable  pressure  When  the  bitumen 
decomposes  it  forms  gas,  oil  vapors,  and  fixed  carbon,  the  relative 
quantities  of  each  apparently  depending  on  the  temperature  and 
pressure  under  which  decomposition  takes  place.  If  th6  bittmien  is 
caused  to  form  at  temperatures  not  too  high,  and  its  decomposition 
products  are  removed  rapidly,  particularly  with  steam,  some  of  the 
unaltered  or  only  partly  altered  bitumen  evidently  may  be  carried 
out  of  the  retort  in  the  vapor  stream. 

Production  of  oil  from  oil  shale  is  thus  ^nroadly  divisible  into  two 
stages,  (1)  the  conversion  of  k^rogen  into  a  bitumen,  and'  (2)  the 
decomposition  of  the  bitumen  into  gas,  oil  vapors,  and  carbon.  Some 
water  may  also  be  produced  in  the  decomposition.  Often  the  two 
steps  of  the  process  probably  occur  almost  simultaneously.  Pressure 
greatly  influences  the  amount  and  nature  of  the^  products  of  ihe 
decomposition  of  the  bitumen. 

Kerogen  is  undoubtedly  composed  of  large  and  complei:  molecules, 
and  the  bitumen  formed  from  it  in  the  first  step  of  the  conversion 
must  likewise  have  large  and  complek  molecules^  In  general,  organic 
molecules  are  unstable  under  the  aetion  of  heat  in  direct  proportion 
to  their  complexity  and  size.  A  large  and  complex  organic  molecule, 
when  heated  to  a  temperature  high  enough,  decomposes,  breaks  down, 
or  "cracks''  into  smaller,  simpler  molecules.  Thus  the  large  and 
complex  molecules  of  the  fir6t«>formed  bitumen,  when  heated  in  the 
absence  of  air,  decompose  into  simpler  forms.  Heating  an  organic 
substance  to  a  temperature  sufficient  to  decompose  its  complex  mole- 
cules into  simpler  molecules  constitutes  the  process  of  destructive 
distillation,  often  termed  pyrolysis.  Essentially,  the  retorting  of  oil 
shale  is  the  pyrolysis  of  a  heavy  and  chemically  complex  bitumen. 

The  degree  of  decomposition  or  cracking  of  a  molecule  subjected  to 
beat  and  pressure  depends  on  the  composition  of  the  molecule,  the  de- 
gree and  duration  of  the  heat  and  pressure,  the  material  with  whidi 
the  molecule  is  in  contact,  and  on  still  other  factors.  The  physical 
and  chemical  properties  of  the  mineral  matter  of  oil  shiles  have  a 
considerable  effect  on  the  products  obtained.  By  prolonged,  heating  at 
high  temperatures  it  is  possible  to  decompose  a  hydrocarbon  mole- 
cule into  its  constituent  elements— hydrogen  and  carbon — a  result 
not  desired  in  oil-shale  distillation.  At  different  temperatures  and 
pressures,  and  with  different  substances  in  contact  with  the  molecules 
undergoing  distillation,  products  of  widely  differing  characteristics 
can  be  obtained,  and  the  number  of  GRich  products  of  different  nature 
that  can  be  obtained  from  a  given  molecule  increased  with  the  aize 
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and  eomplozity  of  the  molecule.  As  there  are  in  the  k^rogen  of  ai 
shales  substances  that  probably  contain  extremely  complex  molecules 
and  as  the  molecular  composition  of  the  bitumen  formed  from  thi 
kerogen  probably  differs  in  different  shales  and  with  different  con 
ditions  of  f  onnation^  it  is  evident  that  many  kinds  of  hydrocarbon^ 
and  hydrocarbon  derivatiTes  can  be  produced  from  an  oil  shale,  anc 
that  iwoducts  having  different  prtqperties  may  be  made  from  differen: 
shaliBS,  <Hr  from  the  same  shale  when  treated  under  different  cmidi- 
tions* 

The  oils  produced  when  oil  diales  are  destructively  distilled  seem 
to  be  chiefly  mixtures  of  members  of  the  paraffin,  olefin,  diolefin 
and  naphthene  aeries  and  their  derivatives,  with  some  of  the  aro- 
matic and  possibly  some  of  the  acetylene  series.  These  .oils  have 
boiling  points  rai^ng  from  less  than  60®  0.  to  more  than  400^  C, 
and  specific  gravities  from  less  than  0.7  to  over  1.  From  this  mix- 
ture of  organic  compounds  comprising  shale  oil,  commercial  prod- 
ucts may  be  obtained  by  refining.  In  addition  to  the  oils,  perma- 
nent pr  fixed  gases  are  produced  when  the  shales  are  rotorted.  These 
gases  are  chiefly  carbon  monoxide,  carbon  dioxide,  hydrogen,  hydro- 
gen sulphide,  and  the  lower  members  of  the  various  hydjnocarboii 
series — those  of  the  paraffin  and  olefin  series  predominating. 

As  organic  molecules  decompose  in  so  many  ^ays  and  yield  hydro- 
curbons  and  hydrocarbon  derivatives  of  different  series  under  dif- 
ferent conditions,  the  omunercial  distillation  of  oil  shale  can  not  be 
a  hai^azard  process,  but  must  be  carefully  controlled  in  accordance 
with  the  conditions  most  suitable  for  obtaining  the  desired  quality 
of  crude  oiL  It  is  possible  to  distill  under  conditions  that  yield  oo 
oil  but  only  gas  and  carbon  as  final  products,  but  it  has  not  yet  beeo 
possible  to  produce  oil  alone  without  gas.  Because  the  complex  mole- 
cules break  down  in  so  many  different  ways  under  the  same  or 
only  slightly  different  conditions,  and  because  in  commercial  practice 
mechanical  and  economic  limitations  render  practically  impossibk 
the  exact  control  of  retorting  conditions,  it  is  not  possible  to  produce 
from  an  oil  shale  only  those  hydrocarbons  desired.  Distillation  can 
not  be  stopped  just  when  the  required  decomposition  has  taken  place. 
Some  of  the  hydrocarbons  in  the  oils  produced  will  be  those  desired, 
but  others  will  be  objectionable  and  must  be  removed  by  refining. 
A  fact  to  be  emphasized  is  that  the  properties  of  the  crude  shale  oil, 
and  therefore  of  its  products,  are  greatly  influenced  by  the  condi- 
tions under  which  the  oil  is  produced.  It  is  also  evident  that  wheo 
an  oil  shale  is  heated  light  distillates  are  not  produced  at  low  tem- 
peratures and  heavier  oils  at  the  temperature  increases.  A  heavy 
bitumen  is  first  produced,  and  this  decomposes  into  a  mixture  of 
vapors  of  light  and  heavy  products,  from  which  fractions  may  be 
separated  by  fractional  condensation,  or  perhaps  better  by  bulk  con- 
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densation  and  fractional  distillation  of  the  bulk  condensate — the 
crude  oil.     (See  p.  174.) 

It  is  possible  that  no  conversion  of  pyrobitumen  into  bitumen, 
as  previously  described,  takes  place  when  certain  shales  containing 
oil-producing  materials  classed  as  nonasphaltic  pyrobitumens  are 
retorted.  This  does  not  invalidate  the  foregoing  discussion.  If 
bitumen  is  not  first  produced,  the  pyrobitumen,  of  large  and  complex 
molecular  structure,  decomposes  directly  into  gas,  oil  vapors,  and 
carbon;  that  is,  there  is  one  less  step  in  the  process  of  conversion. 
The  point  ^nphasized  here  is  that  regardless  of  the  exact  mechanism 
of  the  conversion  of  kerogen  into  oil,  this  conversion  is  funda- 
mentaUy  the  decomposition  of  cracking  of  heavy  and  complex 
organic  molecules. 

In  the  commercial  distillation  of  oil  shale  tiie  main  object  is  to 
obtain  profitably  the  highest  possible  yield  of  the  best  oil.  The  oils 
having  a  so-called  '^  paraffin  base,"  those  chiefly  composed  of  mem- 
bers of  the  paraffin  series  of  hydrocarbons,  are  usually  considered 
most  suitable  for  the  commercial  production  of  refined  oils,  such  as 
gasoline,  kerosene,  and  the  like.  During  destructive  distillation 
organic  molecules  tend  to  loose  hydrogen  atoms.  Shale  oils  fre- 
quently contain  more  unsaturated  than  saturated  hydrocarbons  and 
are  said  to  be  highly  unsaturated.  In  commercial  petroleum  prod- 
ucts some  of  the  olefin  and  practically  all  of  the  diolefin  and  acety- 
lene hydrocarbons  are  objectionable;  some  give  a  bad  odor  to  the 
oils;  also,  by  oxidizing  or  slowly  combining  with  themselves — a 
process  known  as  polymerization — ^they  form  gums  and  resins.  In 
particular,  the  more  highly  unsaturated  compounds  must  be  removed 
by  refining  in  order  to  make  satisfactory  commercial  products.  The 
diolefins  especially  seem  to  be  responsible  for  gum  formation.  For 
a  detailed  description  of  the  various  oil  and  gas  products  from  oil 
shale,  the  reader  is  referred  to  pages  76  and  85  to  89. 

As  the  kerogen  of  oil  shales  contains  oxygen,  nitrogen,  and  sul- 
phur in  addition  to  carbon  and  hydrogen,  ^ale  oils  usually  contain 
fairly  large  amounts  of  nitrogenous  compounds,  such  as  pyrrol 
(C^HjN),  pyridine  (CbHjN),  quinoline  (CsH^N),  and  their  deriva* 
tives;  traces  of  compounds  of  the  phenol  type,  such  as  phenol 
(CeII,OH) ;  undoubtedly  sulphur-containing  compounds,  probably 
of  the  type  CnH^S,  such  as  CioH^oS ;  and  probably  naphthenic  adds — 
oxygen  derivatives  of  the  naphthene  hydrocarbons.  The  color  and 
odor  of  shale-oil  fractions  are  probably  due  to  the  presence  of  sulphur 
and  nitrogen  compounds  and  naphthenic  acids.  Some  of  these  com- 
pounds, if  abundant  enough  in  the  oils,  might  be  of  value  as  by-prod- 
ucts, but  most  of  them,  with  the  possible  exception  of  the  nitrog- 
enous compounds,  seem  to  be  present  in  such  small  proportions  that 
they  merely  constitute  objectionable  impurities  that  must  be  removed 
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in  refining.  Even  the  nitrogen  compounds,  which  may  possibly  be 
present  in  amount  sufficient  to  make  their  recovery  worth  while,  must 
be  removed  from  the  refined  products,  as  they  are  particularly  evil- 
smelling  and  discolor  the  oils  badly. 

In  retorting  oil  shale,  therefore,  the  effort  should  be  made  to  pro* 
duce  an  oil  containing  a  Tninirouro  of  objectionable  hydrocarbons  and 
other  organic  compounds,  and  a  maximiun  of  those  that  are  satis- 
factory. The  shale  and  the  vapors  from  it  must  not  be  excessively 
heated  in  the  retort  or  elsewhere  until  all  of  the  oil  has  been  distilled. 
In  retorting  a  particular  shale  a  temperature  and  a  period  of  heating 
to  that  temperature  will  probably  be  found  that  will  give  the  best 
results.  Other  factors,  such  as  the  si^  of  the  pieces  of  shale,  the 
thickness  of  the  charge,  the  method  of  heat  transfer,  the  duration  of 
contact  of  the  vapors  with  the  heated  zone,  and  the  presence  of 
different  gases  or  vapors  in  the  rei^ort,  have  a  bearing  on  the 
quality  and  quantity  of  the  products*  Usually,  of  course,  the  theo- 
retically best  conditions  must  be  somewhat  modified  to  meet  com- 
mercial considerations  of  feasibility  and  cost,  and  will  vary  accord- 
ing to  the  product  chiefly  desired.  A  fact  to  be  emphasized  is  that 
different  shales  probably  will  require  different  distillaticm  conditions 
for  best  results,  and  the  best  conditions  may  have  to  be  determined 
for  each  different  type  of  shale,  and  changed  with  changes  in  the 
market  for  finished  products.     (See  also  p.  119.) 

USE  OE  STEAIC  IN  DESTRUCTIVE  DISTILLATION. 

In  Scottish  practice  steam  is  let  into  the  vertical  retort  at  the 
bottom,  where  it  comes  in  contact  with  the  residual  or  spent  shale 
that  has  been  slowly  heating  after  all  the  oil  has  been  distilled  from 
it  in  the  upper  part  of  the  retort.  When  the  shale  reaches  the  bottom 
of  the  retort  its  temperature  is  such  that  the  steam  reacts  with  its 
fixed  carbon,  probably  in  accordance  with  the  reaction: 

0+2H,0=CO«+2H. 

This  is  probably  the  main  reaction,  but  the  temperature  is  high 
enough  to  cause  some  production  of  water  gas,  a  mixture  of  hydrogen 
and  carbon  monoxide,  according  to  the  equation : 

0-fH.O=CO+H." 

It  has  long  been  known  that  much  of  the  nitrogen  of  the  ^ale 
remains  in  the  spent  shale  as  long  as  carbon  is  present  and  is  freed 
from  the  shale  as  the  carbon  is  removed.  A  large  part  of  the  nitro- 
gen seems  to  be  fixed  in  relatively  stable  compounds  and  can  be 

■  ■  ^  ■ .  ■  ■  iM  ■- I      I ■   ■      '  ■     '       .  ■  1  1^  ■  - ■■  ■  ■  P.I  ■  ■ » 

"•This  reaetion  may  !)•  theoretical ;  probaUy  tlie  oartoOD  noMNcide  lpi»a  tgr  tiim  actlo« 
o<  carbon  dioxide  on  carbon :  COg  -h  C«— 200. 
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recovered  only  by  burning  these  compocmds  or  subjecting  them  to 
chemical  action.  Thus  when  the  nitrogen-containing  compound  is 
broken  down  with  steam  at  high  temperatures,  amino  (NH,),  or 
imino  (NH)  groups,  or  the  like,  may  be  reduced  by  the  hydrogen 
from  the  steam  to  form  ammonia  (NH,).  When  carbon  reacts  with 
the  steam,  nitrogen  may  possibly  be  set  free  to  combine  at  once  with 
free  hydrogen,  as  follows: 

N,+3Hi=2NHi 

but  it  is  not  likely  that  this  reaction  takes  place  appreciably,  if  at  all. 
As  soon  as  the  ammonia  forms  it  must  be  removed  to  a  zone  of  lower 
temperature,  for  it  rapidly  decomposes  if  it  remains  for  any  consid- 
erable time  in  the  highly  heated  lower  part  of  the  retort. 

In  the  Scottish  industry  the  production  of  ammonium  compounds 
is  extremely  important,  and  although  some  ammonia  may  be  pro- 
duced from  oil  shale  without  the  use  of  steam,  the  maximum  yield 
of  ammonia  is  obtained  by  using  8[team  in  the  retorts  and  heating  the 
shales  to  high  temperatures  after  the  oil  has  been  driven  off.  The 
use  of  steam  also  gives  a  greater  yield  of  combustible  gases,  makes 
heat  transfer  more  efficient,  cools  the  spent  shale,  and  in  certain 
retorts  may  improve  the  quality  of  the  oil,  as  pointed  out  in  detail 
in  later  sections  (pages  176  to  178).  In  general,  American  shales  con- 
tain nitrogeJn,  and  the  use  of  steam  in  retorting  will  probably  depend 
largely  on  whether  the  nitrogen  is  to  be  recovered  as  ammonia  and 
whether  in  commercial  practice  American  shales  will  yield  satisfac- 
tory oils  without  the  use  of  steam. 

A  satisfactory  method  of  heating  an  oil  shale  is  the  prime  essential 
in  obtaining  a  satisfactory  production  of  oil,  and  one  important 
feature  of  the  use  of  steam  in  retorting  is  the  manner  in  which  steam 
distributes  heat  throughout  the  charge  in  the  retort  and  recovers  it 
from  the  spent  shale.  If  ammonium  compounds  are  desired  from 
American  shales,  the  retorts  will  have  to  be  steamed,  but  in  the 
opinion  of  the  writer  even  though  ammonia  production  be  neglected 
the  use  of  steam  in  retorting  has  so  many  favorable  aspects  that  it 
deserves  careful  consideration. 

HISTOBT  07  XHE  OIIrSHAIS  JNDtrSTBT. 

BEOIHHINO  07  THE  IHDUSTBY. 

The  production  of  tars  by  the  dry  distillation  of  wood  was  known 
at  least  as  early  as  the  latter  part  of  the  seventeenth  century .'^^  About 
this  time  (1681)  coal  was  distilled  in  England  for  the  production 
of  oil  and  tar,  and  later  coke.    In  1694  Eele,  Hancock,  and  Portlock 

*  flghrtthinar,  W.,  Shale  oito  ttiid  tan.    London,  1918,  p^  1. 
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distilled  ^  oyle  from  a  kind  of  stone,"  '*  possibly  oil  shale,  and  bitumi 
nous  or  oil  shales  were  distiUed  as  early  as  1761,*^  for  the  productioi 
of  oils  to  be  used  for  medicinal  purposes.  The  possibilities  of  pro 
ducing  paraffin  and  petroleumlike  oils  from  oil  shales  seem  not  U 
hare  been  recognized  until  1830. 

THE  0IIr43HALE  INDITSTBY  IK  PBAKCE. 

In  1830  Laurent*^  obtained  paraffin  by  distilling  oil  shale,  bu: 
the  French  oil-shale  industry  really  began  in  1838  with  the  perfa* 
tion  of  a  process  developed  by  Selligue.*^  Ip.  1839,  at  the  Paris  In- 
dustrial Exposition,  Selligue  exhibited  samples  of  shale-oil  prod- 
ucts, light  oils,  burning  oils,  heavy  oUs,  and  paraffin.  The  early  pat- 
ents of  Selligue  and  DeBuisson  (English  patent  10726,  1845)  de- 
scribe distilling  apparatus,  the  use  of  steam  in  distilling,  and  the 
products  and  methods  of  refining. 

The  French  industry  grew  in  importance  until  1864,  when  it  was 
checked  and  set  back  by  imports  of  cheap  American  oils,  and  it  has 
never  fully  recovered.  It  received  another  blow  in  1898,  when  the 
French  Grovemment  cut  in  half  the  import  duty  on  petroleum. 
Until  1903  the  retorts  used  in  France  were  heated  to  comparativelj 
low  temperatures  and  steam  was  not  used  in  th^m.  The  introduc- 
tion of  the  Scottish  type  of  retort  increased  the  yield  of  oils  fron 
the  shales  more  than  10  per  cent,  and  in  recent  years  the  industry  hai 
given  indications  of  recovering  some  of  its  former  importance,  iu\ 
development  having  been  stimulated  by  the  high  price  of  imported' 
petroleum  oils  during  the  World  War  and  the  years  1919  and  1920. 
In  1920  there  were  reports  that  new  work  on  a  large  scale  was  about 
to  be  undertaken,  particularly  in  the  Boson  fields  in  the  Department 
of  the  Yar.  The  present  high  import  duty  on  petroleum  in  France 
is  also  encouraging  the  industry. 

It  is  interesting  to  note  that  up  to  1893  the  Scottidi  type  of  oil- 
shale  retort  was  not  used  in  France.*'  By  1905,  however,  practicallr 
all  the  retorts  used  in  that  country  were  of  the  Scottish  type,  and 
recent  advice  from  Scotland  affirms  tiiat  at  present  the  Scottish  re- 
torts are  used  to  the  practical  exclusion  of  others.  In  the  year  1904 
the  production  of  oil  shale  in  France  was  184,030  tons,  and  the 
average  yield  of  oil  slightly  over  20  United  States  gallons  per  ton, 
for  a  total  of  3,693,783  gallons.*' 

"•BngliBh  pfttent  830,  1004. 

*  BftooB,  B.  F.»  and  Hamor,  W.  A.,  The  American  petrolcvjn  Industry.  New  York,  roU  2, 
1016,  pw  808. 

**  Laurent,  Ang.,  De  Vhuile  dee  flcfaistea  bltumineux  et  de  qnelqnea  prodlxlta  qa*on  ea 
oMient :  Compt  rend,  t.  4,  1837,  pp.  000-012. 

^  Selligue,  A.  F.,  French  patent  0467,  Not.  14,  1838 ;  addition.  Mar.  27.  1880. 

■■Cbesnean,  G.,  L'indnstrie  dca  hullea  dea  eehiBtea  en  France  et  en  Eceeee :  Ann.  miueji, 
0th  aer.^  t.  8,  1808,  pp.  617-674. 

*■  Aron,  A.,  L'induatrie  frangaiae  des  schistes  bitumineuz :  Ann.  mlneeb  lOth  9V^  t  9, 
1006,  pp.  47-76. 
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HZSTOBY  OF  THX  OIIrSHALB  INDTISTBY  IN  AUSTBAIJA.** 

At  the  beginning  of  the  industry  in  1865-66  shale  was  retorted  at 
Kembla  Valley  and  at  Hartley  Vale.  In  1878  retorting  began  at  the 
Joadja  deposit,  near  Mittagong,  For  a  number  of  years  the  industry 
A^as  successful  at  Hartley  and  Joadja,  but  gradually  the  exportation 
of  high-grade  shale  for  gas  enrichment  took  precedence  over  retort- 
ing. Finally  the  Joadja  works  closed  and  the  Hartley  works  re- 
stricted operations  to  refining  crude  oil  from  retorts  erected  near 
Oapertee  by  the  same  company.  Paraffin  was  recovered  and  the  oil 
Tvas  used  for  gas  enrichment  in  the  large  cities  of  the  State. 

In  1908  the  Commonwealth  Oil  Corporation  took  over  the  Hartley 
and  Capertee  works  and  built  a  new  plant  at  Newnes,  which  started 
operations  in  1911.  Operations  ceased  about  a  year  later,  as  the 
original  large  capital  was  exhausted  before  satisfactory  results  were 
obtained.  The  Scottish  retorts  installed  proved  unsuitable  for  the 
higher-grade  shales  of  the  Wolgan-Capertee  seam,  which  yield  64 
to  128  gallons  of  oil  to  the  ton,  compared  to  about  25  gallons  from 
Scottish  shales.  Intumescence  of  the  shale  fractured  the  retorts  and 
prevented  the  gradual  descent  of  the  spent  material.  Explosions 
vrere  frequent.  In  June,  1914,  this  company  was  reorganized  as 
John  Fell  &  Co.  New  types  of  retorts  were  built  on  the  site  of  the 
old  ones,  and  these  have  successfully  overcome  the  difficulties  pre- 
viously encountered. 

METHODS  OF  TREATING  THE  SHALES  AND  PRODUCTS  RECOVERED. 

Retorting  and  refining  methods  for  oil  shales  and  shale  oils  in 
Australia  have  been  fairly  similar  to  those  in  Scotland.  Both  verti- 
cal and  horizontal  retorts  have  been  used — the  verticals  until  about 
1910  or  later  being  somewhat  like  the  Young  and  Beilby  type.  (See 
p.  66.)  A  bench  of  modem  Scottish-type  retorts  erected  more 
recently  was  not  wholly  successful,  as  noted  above. 

The  yield  of  the  richest  Hartley  shale  in  horizontal  retorts  without 
steam  was  130  to  170  gallons  of  oil  to  the  ton.**  The  oil  was  light 
colored,  had  a  pleasant  smell,  and  could  be  refined  easily.  Its  specific 
gravity  was  0.855  and  its  setting  point  bS"^  F.  The  richest  Capertee 
shale,  treated  in  the  same  manner,  yielded  96  to  102  gallons  of  oil  to 
the  ton.    This  oil  was  considered  somewhat  inferior  to  that  from  the 


•*  Data  for  titls  aection  were  obtained  from  Mr.  DougUu  A.  Fell,  of  Sydney,  AnstnUla, 
and  tbe  following  works : 

Steoart,  D.  R.,  The  oil  abalea  of  the  i:x>thiaQ8.  Part  III,  The  chemistry  of  the  oU 
shales :  Memoir  Geol.  Surrey  8coUand»  2d  ed.,  1012,  p.  168. 

Carne,  J.  B.,  The  kerosene  shale  deposits  of  New  South  Wales:  Memoir  Geol.  Surrey 
New  South  Wales,  1903,  3S3  pp. 

Handbook  of  the  mineral  products  of  New  South  Wales :  Dept.  Mines^  New  South  Walei^ 
1920.  pp.  13-16. 

«Steuart,  D.  B.,  work  cited,  p.  163. 
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Hartley  shale;  its  specific  gravity  was  0.806  and -setting  point  58®  F 
The  horizontal  retorts,  made  of  boiler  plate,  were  12  feet  lon^,  6  feet 
wide,  and  2  feet  2  inches  high.  Three  days  were  required  to  distill 
a  charge.  Hartley  shale  if  withdrawn  from  the  retort  and  cooled 
when  half  distilled  resembles  stiff  rubber  in  appearance  and  elasticity. 
These  rich  shales  were  used  for  gas  making;  the  poorer  shales 
above  and  below  the  rich  seam  were  retorted,  yielding  crude  oils,  as 
indicated  in  Table  8.~  | 

Table  8. — Yield  cf  producti  from  Auitralian  ihales. 
[Quantities  caicalated  to  tons  of  2,000  potmds  and  to  United  States  gaUons.]  | 


Hartley  shale. 


Capertee  ahaltt. 


on  (sallcos  per  too) 

Spedflc  gravity 

Setting  pdnt,^F. 

Refined  products  fran  enxae: 
.     Spirit 

Burning  dl 

GasoU 

Bioeoa 

Paiaffln  scale. 

Coke 

Loss  in  refining 

AnunoDiom  sulphate  (pounds  per  ton) 


4&3 

asm 

70 


a.5 

a«XMI.905 
72 


Percent. 
4.02 
10.2 
16.98 
40.77 


4.41 

8.fi0 

20.03 

2.9 


onivifym 

a  720-0. 780 

.800 

.860-  .860 

.900 

Mating 

poM, 


PerwenL 
L2 


58.0 
16.4 


4.1 


20.3 
9l4 


Specific 
fruviig. 

a7ao-a7« 


MOukf 


J, 


At  Capertee  the  splint  was  kept  apart  from  the  retorting  shale,  as 
the  distillate  produced  from  splint  is  a  sticky  resinous  substance  that 
clogs  the  condensers  and  gives  the  wax  a  persistent  yellow  color, 
making  it  impossible  to  refine  to  whiteness. 

The  Conjpion wealth  Oil  Corporation's  plant  consisted  of  a  bench 
of  64  Pumpherston  retorts.  Each  retort  had  a  capacity  of  2  to 
2i  tons  of  shale  a  day.  This  bears  out  the  belief  that  the  capacity 
of  a  Scottish  retort  must  be  rated  in  terms  of  oil  production  rather 
than  shale  through{>ut  (p.  72). 

In  1921  the  plant  operated  by  John  Fell  &  Co.  consisted  of  32 
Fell  patent  retorts.  These  are  vertical  and  of  original  design.  Each 
retort  has  a  daily  capacity  of  6  to  7  tons  of  80  imperial-gallon  diale. 
A  gyratory  crusher  breaks  the  shale  for  tiie  retort  into  pieces  6  by  2 
inches  or  smaller.  The  operation  of  the  i*etorts  differs  little  from 
that  of  present-day  plants  in  Scotland.  Enough  permanent  gas  is 
formed  to  heat  the  retorts  and  make  the  use  of  gas  producers  unnec- 
essary. A  continuous  oil-distillation  battery  of  stills  is  used  for  the 
crude — ^three  continuous  horizontal  boiler-type  stills  working  in 


**  Table  derlred  from  Stenart,  D.  E.,  work  dted,  p.  169, 
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series  and  discharging  from  the  last  into  a  coking  stilL  Acid  is 
recovered  from  the  refinery  tars  and  used  in  making  ammonium  sul- 
phate. Distillations  and  treatments  generally  correspond  with  Scot- 
tish refining  practice. 

For  the  year  ending  September  30, 1920,  this  plant  retorted  16,090 
long  tons  of  shale,  the  average  production  of  oil  per  long  ton  being 
79.7  imperial  gallons.    The  crude  oil  yielded  finished  products  about 

as  follows: 

Piniahed  products  from  crude  oiL 

Percent 

Benzine  and  spirits 5 

Kerosene 20 

Gas  oil 25 

Fuel  oil 20 

Wax 5 

Refining  loss  and  coke 25 

100 

The  yield  of  ammonium  sulphate  is  about  19.5  pounds  per  ton« 
The  oil  coke  produced  is  sold  for  household  use. 

PRESENT  STATUS  OF  THE  OIL-SHAIiB  INDUSTRY  IN  AUSTRALIA. 

Financially,  oil-shale  operations  in  Australia  have  not  been  par- 
ticularly successful  so  far,  largely  because  of  extremely  high  labor 
costs  and  peculiar  labor  conditions.  In  1917  the  Federal  Govern- 
ment of  Australia  provided  for  a  royalty  to  be  paid  for  the  produc- 
tion of  mineral  oil  and  this  acted  as  a  stimulant  to  the  industry.  In 
1919  the  royalty  paid  by  the  Australian  Commonwealth  on  crud^ 
shale  oil  produced  for  the  year  ending  June  30,  amounted  to  £26,406. 
It  was  earned  by  one  firm  in  New  South  Wales.*^ 

In  1921  experiments  were  undertaken  in  an  attempt  lo  produce  oil 
from  the  oil  shale  in  place.  Part  of  a  deposit  was  ignited  and  by 
control  of  the  rate  of  combustion  the  heat  generated  was  expected  to 
produce  oil  from  the  shale.  The  vapors  were  led  to  condensers  on 
the  surface  through  suitable  openings.  The  preliminary  experi- 
mental work  promised  favorable  commercial  results,  but  evidently 
work  on  a  large  scale  was  disappointing,  for  recent  reports  indicate 
that  the  new  method  has  been  abandoned, 

Reports  reaching  the  writer  early  in  1923  indicate  that  the  only 
company  hitherto  producing  commercial  quantities  of  shale  oil  in 
Australia  has  decided  to  stop  shale  operations  but  will  use  the 
refineries  for  treating  imported  petroleum.  The  high  cost  of  labor 
and  the  low  price  of  imported  oil  are  given  as  the  main  reasons  why 
the  rich  shales  of  Australia  can  not  profitably  be  worked  at  present. 

*  Petroleam  World :  The  tbale-oll  bounty,  Vol.  16,  Norember,  1919,  p.  468, 
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Table  9  shows  the  production  of  oil  shale  in  New  South  Wales 
from  1865  to  1921 : 


Table  9. — Production  of  oil  shale  in  New  South  Wales  from  1865  to  1921.^ 


Year. 


1865. 
1866. 
1867. 
1868. 
1860. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1883. 
1883. 


Quantity 
Gong  tons). 


570 

2,770 

4,070 

16,052 

7,600 

8,580 

14,700 

11,040 

17^850 

12,100 

6,107 

15,908 

18,963 

23,371 

82,519 

19,201 

27,894 

48,065 

49,250 


Year. 


I   Quantity 
(loDf  tons). 


1884.. 

1885., 

1886.. 

1887., 

1888. 

1889.. 

1890.. 

1891. 

1892. 

1893., 

1894. 

1895. 

1896. 

1897. 

1898.. 

1899.. 

1900. 

1901. 

1902.. 


81,618 
27,462 
43,563 
40,010 
34,869 
40,561 
66,010 
40,349 
74,179 
55,660 
21, 171 
50,426 
31,839 
34,090 
70,689 
36,719 
22,862 
54,774 
62,880 


Year. 


1903.. 

1904... 

1905... 

1906.. 

1907.. 

1906.. 

1909... 

1910*. 

1911... 

1912.. 

1913.. 

1914... 

1915... 

1916... 

1917... 

1918.. 

1919  e. 

1920... 

1921.. 


Qnanttty 
(long  toos). 


3^776 
37,871 
3S,226 
32,446 
47,331 
46,3(0 
4S,718 
68^230 
75,101 
88,018 
16,083 
50,010 
15,474 
17  425 
31,661 
82,305 
25,453 
d21,0O4 
82,480 


a  Came,  J.  E^  Kerosene  ihale  deposits  of  New  Boaih  Wales:  Memoir  Oeol.  Samey  New  Soath  Wales, 
1903.  p.  286. 

b  riguree  for  years  1010  to  1018,  both  indiislTe,  from  Handbook  of  the  mineral  products  of  New  Soath 
Wales:  New  South  Wales  Dmt.  of  Minss,  1920.  p.  14. 

•  Figures  for  1919  caloidatea  ftt>m  data  nxmisned  by  B.  M.  Cambage. 

4  Petroleam  Times,  May  20, 1922,  p.  688. 

HISTOBY  OF  THS  OIL-SHALE  INDTTSTBY  IN  SCOTLAND. 

The  oil-shale  industry  in  Scotland  apparently  originated  inde- 
pendently of  that  in  France.  In  1850  ••  James  Young,  who  with  a 
partner  had  been  refining  the  oil  obtained  from  a  small  seep  in 
Derbyshire,  England,  conceived  the  idea  that  oil  was  a  product  of 
coal  and  had  been  distilled  from  the  latter  by  the  action  of  sub- 
terranean heat  He  began  experimenting  with  the  production  of  oil 
from  coals,  and  finally  produced  from  cannel  coal  an  oil  containing 
solid  paraffin.  In  the  course  of  his  experiments  a  highly  bituminous 
material,  called  "Boghead  coal'*  or  "Torbanehill  material,''  or 
simply  torbanite,  was  discovered,  which  yielded  upward  of  185  gal- 
lons of  oil  to  the  ton.  In  1860  a  plant  was  erected  by  Young  and 
two  associates  at  Bathgate,  Linlithgowshire,  for  the  production  of 
oil  from  Boghead  coal,  and  was  producing  crude  oil  in  1851.  Young's 
original  patent  ••  covering  the  process  of  the  production  of  oil  from 
bituminous  mineral  substances  was  the  subject  of  much  controversy 
and  litigation,  caused  mostly  by  arguments  as  to  whether  Boghead 
coal  was  a  coal  or  a  shale.  Finally  it  was  decided  that  whatever 
the  material  actually  was,  the  lessors  had  acquiesced  in  its  being 
treated  as  within  the  terms  of  the  lease,  and  that  legally  it  was  coal ; 

"■  Data  on  the  early  history  of  the  Scottish  oil-ahale  industry  hare  beui  taken  largely 
from  Redwood,  I.  I.,  Mineral  oila  and  their  by-prodncta,  London,  1897,  p.  38  et  aeq. ; 
on  the  lata  history  from  personal  communications  and  interriews  with  Scottish  operatoxm 

»  Bngllsh  patent  18202,  Oct.  17.  1860, 
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the  decision  was  purely  on  a  point  of  law  and  "scientific  evidence  wais 
practically  disregarded. 

In  1862  the  deposits  of  Boghead  poal  became  exhausted,  (tnd  since 
then  the  oils  obtained  in  Scotland  have  been  produced  almost  en- 
tirely from  the  oil  shales  of  the  "lower  Carboniferous"  series  of 
Midlothian  and  Linlithgow.  These  shales  were  first  worked  in  1862 
by  Robert  Bell  at  Broxburn* 

The  industry  developed  rapidly  in  Scotland,  though  many  of  the 
companies  organized  to  treat  oil  shales  failed  financially  or,  in  order 
to  attain  success,  combined  with  others. 

Since  1851  over  140  different  individuals  or  companies  have  en- 
tered the  oil-shale  industry  in  Scotland.  In  1871  there  were!  51 
active  companies,  but  of  these  the  number  in  existence  in  1910  was 
only  6.  In  1919  the  4  largest  companies — Pumpherston  Oil  Co. 
(Ltd.),  Broxburn  Oil  Co.  (Ltd.),  Young's  Paraffin  Light  &  Mineral 
Oil  Co.  (Ltd.),  and  the  Oakbank  Oil  Co.  (Ltd.) — with  a  smaller 
company,  Jas.  Ross  &  Co.,  Philipstown  Oil  Works  (Ltd.),  which 
produced  crude  oil  only — consolidated  under  one  company,  Scottish 
Oils  (Ltd.).  Thus  practically  there  is  but  one  oil-shale  company 
in  Scotland  at  present  working,  although  the  individual  companies 
still  maintain  their  identity. 

The  years  following  1864  virtually  paralyzed  the  oil-shale  indus- 
try in  Scotland.  That  year  marked  the  beginning  of  the  import  of 
cheap  petroleum  oils  from  America  and  witnessed  the  failure  of  a 
great  number  of  Scottish  oil-shale  companies  and  the  consolidation 
of  many  of  the  remainder.  Such  consolidations,  the  development  of 
more  efficient  and  economical  apparatus  and  methods  for  retorting 
the  shales  and  refining  the  oils,  and  the  strictest  economies  in  mining, 
retorting,  refining,  and  marketing  are  undoubtedly  the  reasons  why 
the  industry  has  survived  in  the  face. of  the  competition  caiised  by 
the  ever-growing  petroleum  industry. 

The  growth  of  the  oil-shale  industry  in  Scotland  can  be  seen  at  ^ 
glance  in  Table  10,  which  shows  the  amount  of  shale  mined  in 
Scotland  by  years  up  to  and  including  1920,  The  yield  of  oil  per 
ton  of  shale  retorted  has  steadily  decreased,  and  although  complete 
official  statistics  for  this  in  recent  years  are  unavailable,  Table.  11 
gives  some  data  for  earlier  years  that  are  of  interest.  The  explana- 
tion, for  this  decrease  of  oil  yield  per  unit  of  shale  mined  is  thp  fact 
that  though  the  richer  shales  have  been  pretty  well  worked  out, 
improvements  in  mining  methods  and  the  technique  of  surface  opera- 
tions— that  is,  handling,  retorting,  and  refining — ^have  made  th^ 
working  of  the  thicker,  more  easily  mined,  but  leaner  shales,  eco- 
nomically possible.  Thus  the  history  of  the  Scottish  oil-i^ale  indus- 
try is  the  story  of  the  development  of  the  present  apparatus  aiid 
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metliodB  for  rftorting  the  sh&le  and,  to  a  leaBCtr  extent,  for  refining 
the  productB. 

Table  10. — Production  of  oO  aAole  in  SeolUmd  from  isna  to  19tB.* 
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In  the  early  years  good  profits  were  made  by  some  of  the  com- 
panies, and  there  were  recurring  periods  of  prosperity.  Generally, 
however,  the  financial  status  of  the  companies  did  not  become  satis- 
factory until  about  1900.  During  the  World  War  and  in  1919  oper- 
ating cwts  became  higher,  labor  difficulties  increased,  and  the  pro- 
duction of  oil  from  the  shales  now  being  worked  became  so  low  that 
the  refineries  could  not  operate  to  capacity.  Under  these  circum- 
stances the  severe  fall  in  prices  in  1919  brought  about  the  reorganiza- 
tion of  the  industry,  as  mentioned,  and  the  formation  of  Scottish 
Oils  (Ltd.),  a  subsidiary  of  the  Anglo-Persian  Oil  Co.  (Ltd.).  It 
is  reported  that  the  unutilized  capacity  of  the  refineries  wiU  treat 
petroleum  imported  by  the  Anglo-Persian  Oil  Co.  from  the  Persian 
fields. 

During  a  large  part  of  1921  retorting  operations  in  Scotland  were 
greatly  restricted  because  of  the  lack  of  coal  supplies  following  the 
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coal  miners'  strike,  and  the  resulting  adverse  economic  conditions. 
The  relatively  small  output  of  oil  shale  mined  in  that  year,  as  shown 
in  Table  10,  was  due  to  this  shut-down.  When  oper^.tions  were 
resumed  there  was  a  reduction  in  retort  capacity  caused  by  the 
scrapping  of  obsolete  retorts  which  had  been  kept  going  during  the 
World  War;  also  other  retorts  had  been  damaged  by  repeated  cool- 
ing. This  reduction  in  capacity,  however,  has  been  largely  made  up 
by  the  improved  efficiency  of  the  remaining  retorts.  It  is  reported 
that  the  existing  Scottish  refineries  are  now  in  full  operation;  one 
of  them,  representing  the  saving  in  buildings  and  equipment  through 
the  concentration  of  operations,  is  now  employed  on  imported  petro- 
leum. The  centralization  of  management  carried  out  in  1919  has 
resulted  in  substantial  economy  and  improved  efficiency.  It  is  prob- 
able that  the  industry  would  have  been  unable  to  continue  operations 
profitably  under  present  conditions  without  this  reorganization. 
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THE  SCOTTISH  OIL-SHALE  nmUSTBT. 

The  oil-shale  industry  has  been  developed  more  in  Scotland  than 
in  any  other  part  of  the  world.  The  capital  invested  in  leases,  mines, 
works,  refineries,  and  the  like  in  Scotland  exceeds  $12,500,000.  In  the 
opinion  of  the  writer,  those  who  are  engaged  or  who  contemplate  in- 
vesting or  becoming  engaged  in  the  oil-shale  industry  in  the  United 
States  will  make  no  mistake  by  studying  in  detail  the  technique  of  the 
Scottish  industry.  That  industry  has  been  in  existence  since  1850, 
and  although  its  technique  may  not  be  wholly  applicable  to  Ameri- 
can shales  and  conditions,  the  experience  of  Scottish  operators  and 
their  methods  of  solving  difficulties  in  commercial  operations  can 
be  of  great  value  to  the  future  oil-shale  industry  of  the  United  States. 

BAMPLIKa  AND  BETEBMINING  EXTENT  OF  OIL-SHALE  DEPOSITS. 

When  a  new  deposit  or  seam  of  oil  shale  is  to  be  worked,  care- 
ful exploration  and  sampling  are  undertaken.  The  dip  of  the 
stratum  at  the  surface  is  determined,  although  this  may  be  of  little 
value,  as  the  shale  beds  in  Scotland  usually  are  badly  folded  and 
faulted.  The  next  step  is  careful  and  extensive  sampling  of  the 
seam,  or  seams,  by  core  drilling  to  ascertain  the  position  of  the 
seam,  its  extent,  thickness,  and  often  evidence  of  folding  and  fault- 
ing.   For  this  work,  diamond  core  drills  are  now  used. 

If  the  evidence  obtained  with  the  core  drill  is  satisfactory,  a  trial 
shaft  is  sunk  to  the  shale  bed,  in  order  to  obtain  accurate  informa- 


"This  Beetion,  which  deals  with  the  teehnlcal  derelopinent  and  present  status  of  the 
Scottish  oil-shale  industry,  has  been  reriewed,  corrected,  and  revised  by  Messrs.  James 
Bryson,  H.  R.  J.  Conacher.  and  A.  C.  Thomson,  all  officials  of  Scottish  Oils  (Ltd.).  Glas- 
Row.  Scotland. 
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tion  on  its  thickness  and  position  and  to  get  50  to  100  tons  of  the  shale 
for  a  large-scale  retorting  test."  If  the  evidence  is  f avoidable,  the 
bed  is  opened  in  the  regular  manner. 

Companies  starting  oil-shale  operations  in  the  United  States 
should  thoroughly  sample  and  measure  their  deposits  with  core 
drills  or  otherwise,  in  order  to  determine  the  amount  of  shale  avail- 
able, its  position,  and  its  richness,  before  installation  of  expensive 
plant  is  attempted.  A  little  time  and  money  spent  in  this  kind  of 
iuvestigation  may  prevent  much  money  being  wasted  in  plant  develop- 
ment not  based  on  accurate  Information  as  to  the  amount  and  value 
of  the  shale  in  the  deposit. 

In  Scotland  oil  shales  are  almost  invariably  mined  underground 
Quarrying  or  open-pit  operations  are  now  rarely  possible.  The 
shale  beds  frequently  dip  at  rather  steep  angles,  and,  as  a  rule, 
several  seams  overlie  one  another  and  in  many  places  are  worked 
from  one  main  entry.  An  entry  or  "  mine  "  is  sunk  from  the  sur- 
face to  the  seam  or  seams,  often  as  an  incline  along  one  of  the 
seams  from  the  outcrop.  From  this  entry  horizontal  crosscuts  are 
run  to  the  other  seams,  each  being  worked  independently,  and  in 
turn  the  crosscuts  serve  as  means  of  communication  and  transit. 
In  other  mines  the  shaft  may  be  vertical  and  several  overlying 
seams  worked  in  turn  from  it.  With  modern  equipment  it  is  con- 
sidered cheaper  to  work  a  shaft  than  an  incline. 

In  most  respects  the  mining  of  oil  shale  is  similar  to  the  rainitig  of 
bituminous  coal.  Usually  the  roof  has  to  be  supported  with  timber 
props,  and  frequently  the  walls  of  the  main  galleries  and  the  en- 
tries are  bricked.  Structural  steel  and  reinforced  concrete  beams 
are  coming  into  general  use  for  permanent  main  gallery  roof 
supports.  Provision  is  made  for  drainage,  ventilation,  and  haulage  to 
main  galleries.  By  legal  regulation,  all  sliale  mines  must  hs^ve  two  in- 
dependent entries.  Coal-mining  regulations  are  applied  to  shale 
workings,  and  are  rigidly  enforced. 

Shale  is  usually  mined  by  the  "pillar  and  stall"  or  **  stoop  and 
room"  method,  although  the  "longwall"  ^stem  has  be^n  used 
to  some  extent.  In  the  former  method  the  galleries  are  first  driven 
to  the  limits  intended,  and  then  the  pillars,  which  haye  been  left 
between  the  galleries  and  are  much  larger  than  the  latter,  are  re- 
moved, retreating  toward  the  incline  or  shaft.  In  many  mines  the 
roof  is  supported  by  timbei-g  as  pillars  are  removed;  later  the  tim- 

*>  Caldwell,  W.,  The  oil  shales  of  the  Lothlans.  Part  II,  Methods  of  working  the  oil 
shales :  Memoir  Geol.  SurTey  Scotland,  2d  ed.,  1912,  p.  07. 

n  Much  of  the  following  description  is  based  on  the  above  paper,  pp.  95-135. 
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bers  are  remoTed  and  used  again.  The  roof,  as  a  rule,  sinks  in 
gradually  behind  the  maximum  removal  of  shale,  or  after  the  re- 
moval of  the  supporting  timbers,  if  these  are  used,  and  this  movement 
is  transmitted  ultimately  to  the  surface  of  the  ground.  Where  sev- 
eral overlying  seams  are  mined  from  one  main  entry,  the  upper  or 
No.  1  seam  is  sometimes  first  worked  out,  then  No.  2,  and  so  on; 
but  frequently  the  reverse  order  is  followed.  An  average  of  25 
per  cent  of  the  shale  is  left  in  the  mine  as  small  pillars  or  as  finely 
divided  refuse  and  shale  of  poor  quality. 

Shale  produced  at  the  wK>rking  face  is  loaded  into  cars  holding 
from  1,100  to  1,600  pounds.  In  horizontal  entries  the  ears  are 
moved  to  the  main  entry  by  manual  labor  or  by  horses;  in  inclined 
workings  various  gravity  systems  are  used,  the  loaded  car  pulling 
an  empty  oar  to  the  face.  Where  the  distance  is  great,  electric  haul- 
age is  used.  Where  the  main  entry  is  inclined  the  haulage  is  usually 
by  endless,  overrunning  steel  cables,-  driven  by  electric  motors  on  the 
surface.  In  shafts  a  skip  is  used.  Mine  cars  are  run  on  the  skip, 
hoisted,  emptied  in  the  building  above  the  shaft,  and  returned  to  the 
gallery  on  the  skip. 

Electric  power  and  lighting  are  used  generally  in  the  mines  except 
at  the  most  remote  places.  Current  is  generated  by  a  power  plant 
at  the  shale-retorting  works.  The  exhaust  steam  from  this  power 
plant  is  used  in  the  retorting  process. 

Drilling  is  usually  done  with  hand  ratchet  drills,  similar  to  ships' 
augers,  but  in  recent  years  electric  rotary  auger  drills  have  replaced 
the  hand  machines  in  some  mines.  Holes  are  drilled  at  a  fair  rate 
by  either  method.  Gunpowder  in  paper  cartridges  is  the  explosive 
generally  used.  It  is  important  that  the  proportion  of  fines  pro- 
duced be  as  small  as  possible,  as  fines,  unless  well  distributed,  tend 
to  pack  in  the  retort  and  hinder  the  passage  of  gases.  On  an  aver- 
age, about  0.72  pound  of  powder  is  required  per  ton  on  shale  mined. 

A  man  working  at  the  face  produces  about  4J  tons  of  shale  in  an 
eight-hour  day.  By  "  man  working  at  the  face  "  is  meant  a  miner 
and  his  belpers.  Every  miner'  has  one  helper  and  some  miners  have 
more. 

COST  OF  MINING. 

Present  costs  in  th^  Scottish  oil-shale  industry  are  lower  than  they 
were  during  the  World  War  and  in  the  two  years  following  it,  but 
diey  are  yet  much  higher  than  before  it.  Adjustment  is  still  going 
on,  but  is  complicated  by  serious  labor  difficulties.  For  these  reasons, 
and  because  costs  in  Scotland  can  not  be  expected  to  apply  to  Ameri- 
can oil-shale  operations  and  conditions,  actual  figures  for  that  coun- 
try are  not  given  in  this  report.    However,  in  1919,  mining  opera- 
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tions  accounted  for  58  per  cent  of  the  total  costs  of  producing  mar- 
ketable products  from  the  shale. 

Approximately,  the  cost  of  mining  is  similar  to  the  average  cost 
of  mining  coal  in  the  British  Isles.  If  anything,  it  is  a  little  lower, 
largely  because  of  the  average  greater  thickness  of  the  shale  seams 
now  being  mined. 

In  1919  the  Scottish  shale  miner  was  paid  on  either  a  minimum 
rate  basis  or  on  a  straight  tonnage  basis.  The  rates  per  ton,  based 
on  the  character  and  thicknesss  of  the  seam,  etc.,  varied  widely. 
Frequently  the  miner  must  do  work  that  is  essential  to  the  develop- 
ment, drainage,  or  ventilation  of  the  mine,  but  which  yields  only  a 
small  tonnage  of  shale. 

In  1919  the  miners  paid  their  helpers,  who  were  also  paid  a  war- 
time bonus  by  the  companies.  The  miner  furnished  his  own  powder, 
which  was  sold  to  him  at  cost  by  the  companies.  He  also  supplied  his 
own  lamp  and  oil;  also  his  drills,  and  paid  for  dressing  them.  Coal 
proportioned  to  the  power  in  the  mine  amounted  to  about  50  pounds 
per  ton  of  shale.  During  and  since  the  war  the  coat  of  timber  has 
been  a  large  item. 

MINE  VENTILATION  AND  OASES. 

The  mining  laws  of  Great  Britain  compelled,  forced^  or  induced 
ventilation  of  shale  as  well  as  coal  mines.  Dangerous  quantities  of 
harmful  gases  are  not  commonly  encountered  in  the  shale  workings 
in  Scotland,  but  often  enough  is  present  to  be  hazardous  if  proper 
ventilation  is  not  effected.  Both  methane  (marsh  gas  or  fire  damp) 
and  carbon  dioxide  (choke  damp  or  black  damp)  are  met  in  the 
workings.  In  many  crosscuts  methane  escapes  from  jGssures  in  the 
working  face,  especially  when  a  crosscut  is  approaching  the  shale  bed. 
Usually  there  is  not  enough  gas  in  the  workings  to  cause  the  miners 
to  use  closed  lights  and  naked  flames  are  almost  invariably  used  in 
shale  mining,  but  occasionally,  especially  in  raises,  closed  lights  must 
be  used.^* 

According  to  Gray  ^^  the  percentage  of  carbon  dioxide  and  methane 
in  air  at  the  working  face  ordinarily  ranges  from  0.29  to  0.09  and 
0.02  to  0.06  per  cent,  respectively.  Samples  taken  in  the  return  air- 
way of  a  shale  mine  in  Scotland  showed  carbon  dioxide  0.32  to  0.05 
and  methane  0.09  per  cent  to  none. 

Ventilation  is  effectively  provided  for  in  the  Scottish  shale  work- 
ings.^' As  each  mine  has  two  independent  openings,  one  serves  as  an 
air  inlet  and  the  other  as  an  outlet.  Ventilating  fans  are  of  the 
blower  or  the  exhaust  type,  depending  on  whether  they  are  placed  at 

nCaldweU,  W.,  Th«  oU-abalw  of  Um  LothUns.     Part  II,  IfetbiKls  of  working  tbM  aU 
■liAlei :  Memoir  Qeol.  Svnraj  BeoUand,  2d  od.,  1912,  9>  1X2. 
f*  Caldwell,  W.,  work  elted,  p.  120. 
«  Caldwell,  W.,  work  cited,  pp.  123-120. 
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die  inlet  or  outlet  shaft.  By  doors,  stoppings,  or  cloth  brattices  the 
air  is  given  a  definite  circulation  throughout  the  workings;  the  brat- 
tices are  chemically  treated  to  make  them  fireproof.  In  steep 
workings  the  general  circulation  sometimes  is  temporarily  insuf- 
ficient just  after  blasting,  to  provide  satisfactory  ventilation  in  a 
raise;  then  a  hand  blower,  usually  operated  by  a  boy,  often  makes  up 
the  deficiency.  The  blower  is  set  a  suitable  distance  from  the  work- 
ing face,  to  which  it  supplies  air  through  a  wooden  or  iron  pipe. 

On  account  of  the  more  simple  system  of  the  workings,  the  ventila- 
tion of  longwaU  workings  is  cheaper  than  that  of  stoop-and-room 
workings. 

WATER  IN  MINE  WORKINGS. 

As  the  shale  beds  are  impervious  only  small  quantities  of  water 
are  encountered.^*  It  is  usually  handled  by  pumps,  driven  by  elec- 
tric motors. 

EXFLOsiBiLrnr  of  shale  dust. 

According  to  McLaren  and  Clark,^^  the  dust  of  Scottish  oil  shale 
in  the  mines  tends  to  retards  explosions  rather  than  to  propagate 
them.  Careful  experiments  were  made  with  dust  collected  from  the 
Broxburn  and  Pumpherston  mines  to  determine  if  it  were  inflam- 
mable in  the  presence  of  a  methane  gas  explosion.  These  tests  indi- 
cated conclusively  that  shale  dust  was  nonexplosive  and  actually  had 
a  tendency  to  retard  a  gas  explosion.  However,  it  will  not  do  to 
take  for  granted,  in  view  of  the  nonexplosiveness  of  Scottish  shale 
dust,  that  dust  in  shale  mines  in  the  United  States  will  also  be  non- 
explosive  nor  that  dangerous  quantities  of  explosive  gases  will  not 
be  encountered.  Indeed,  the  writer  has  witnessed  experiments  that 
lead  him  to  doubt  the  nonexplosibility  of  some  shale  dusts.  Until 
it  is  known  positively  that  such  precautions  are  not  necessary 
the  writer  recommends  that  shale  mining  be  conducted  with  the 
same  care  to  avoid  explosions  that  is  taken  in  coal  mining.  (See 
p.  113.) 

CBXrSHINO. 

Cars  carrying  the  shale  are  examined  at  the  mine  mouth  by  an 
inspector,  who  rejects  unsuitable  shale;  then  the  cars  are  weighed 
and  the  weight  credited  to  the  miner  who  has  filled  them.  Each  car 
has  attached  to  it  a  leather  or  metal  tag,  serving  as  an  identifica- 
tion mark  for  the  miner.  After  being  weighed,  the  cars  are  dumped 
directly  into  the  crusher,  or  are  hauled  to  it  by  endless  cable  if  the 
retorts  are  not  close  to  the  mine.    Automatic  tippers  are  usually  em- 

« CAldwtll,  W.,  work  dted.  ^  127. 
**  CaldweU,  W..  work  cited,  p.  120. 
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ployed  for  dumping  the  mine  cars  into  bins  above  the  breakers,  but 
if  the  ^ale  is  carried  in  standard-gauge  railway  cars  a  hydraulic 
ram  is  used. 

The  crushers  consist  of  horizontal  tooths  rolls  that  revolTe 
slowly  toward  each  other.  They  are  of  heavy  cast  iron,  made  up 
of  hollow  cylinders  about  2  feet  long  and  3  feet  in  diameter,  the 
total  length  of  each  roll  being  9  feet.  The  clearance  between  the 
ends  of  the  teeth  is  about  1  inch.  The  teeth  are  about  ^  inches  long 
when  new,  1  inch  square  at  the  base,  and  set  4  or  5  inches  apart 
each  way.  The  maximum  size  of  shale  passing  the  rolls  is  about 
5  by  5  by  12  inches,  and  the  average  of  the  larger  pieces  is  about 
the  size  of  an  ordinary  brick,  but  thinner.  The  capacity  of  a  pair  of 
rolls  is  between  480  and  780  short  tons  a  day.  Fines  usually  are  not 
screened  out  after  the  shale  has  passed  the  rolls,  because  if  they  are 
properly '  mixed  they  can  be  satisfactorily  treated  in  the  retorts. 
The  rolls  rotate  slowly  and  are  belt  or  gear  driven  by  steam  engines 
or  electric  motors.  It  should  be  noted  that  the  shale  is  both  broken 
and  crushed  by  the  rolls.  From  the  breakers  the  shale  is  hauled  in 
cars  by  endless  cable  or  chain  up  an  incline  to  the  top  of  the  retort 
benches  and  there  discharged  by  hand  into  the  retort  hoppers. 

SCOTTISH  OIIi-SHALE  BETOBTS. 

.  >  1 

DEVELOPMENT  OF  THE   SGOTTISfi  BETORTS. 

*  As  has  been  noted,  one  of  the  dominating  factors  in  the  success 
of  the  Scottish  oil-shale  industry  has  been  the  development  of  eco- 
nomical and  efficient  retorts  for  the  production  of  oil.  A  statement 
regarding  the  course  of  this  development  seems  worth  while  be- 
cause the  present  status  of  oil  shale  in  the  United  States  bears  a 
striking  resemblance  to  the  early  days  of  the  industry  in  Scotland, 
when  many  retorts  were  trifed,  and  abandoned,  or  improved,  until 
the  perfection  of  the  present  types  in  the  years  1895  to  1902.  The 
reader  lihould  note  that  the  trend  in  development  has  been  to  devise 
apparatus  and  methods  to  produce,  as  cheaply  as  possible,  the  high- 
est yields  of  the  products  for  which  there  was  the  greatest  demand 
or  which  could  be  most  readily  marketed. 

Up  to  the  year  1865  no  one  seems  to  have  suspected  that  ammonia 
could  be  recovered  from  oil  shales,  consequently  up  to  that  time  all 
efforts  were  bent  on  producing  higher  yields  of  the  best  oils  from 
the  shales.  The  first  retorts  constructed  by  Young  ^'  were  ordinary 
Qshaped  coal-gas  retorts.  They  were  charged  and  heated,  and 
after  the  oil  had  been  driven  off  were  discharged  and  recharged. 

Thes6  horizontal  retorts  were  of  many  different  sizes  and  shapes, 
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all  designed  to  utilise  the  heat  efficiently.  Their  charging  capacity 
ranged  from  about  550  to  900  pounds,  although  a  few  had  a  capacity 
of  oyer  2^  tons. 

It  was  soon  learned  that  control  of  the  heat  in  such  intermittently 
operated  retorts  was  difficult  and  one  inventor  devised  a  horizontal 
retort,  heated  to  a  high  temperature  at  one  end  only.  The  shale 
was  continually  charged  at  one  end  from  a  hopper,  conveyed  through 
the  retort  by  a  helical  screw,  and  when  spent  was  disc'  *ged  from  the 
other  end  into  a.  sealed  water  lute.  This  type  of  retort,  although 
adopted  by  Young's  company,  proved  quite  unsatisfactory  and  was 
largely  replaced  by  vertical  retorts  made  of  cast-iron  pipe  10  or  11 
feet  high,  oval  or  oblong  in  cross  section,  and  tapering  downward. 
Top  dimensions  were  12  by  24  inches.  Inasmuch  as  the  rich  shale 
then  being  treated  expanded  somewhat  during  distillation,  and  also 
intumesced  or  fused  together  considerably,  this  retort  frequently 
clogged,  and  its  manipulation  was  difficult. 

Young  and  Brash  then  devised^'  tapered  cast-iron  retorts  ol 
circular  cross  section,  set  with  the  larger  end  down  and  the  dis* 
charge  water  sealed.  In  the  retort  a  vertical  helical  screw,  gear 
driven  from  the  top,  was  kept  slowly  revolving  while  the  shale  was 
going  through.  This  apparatus  largely  overcame  difficulties  due  to 
the  expansion  and  sintering  of  the  shale,  and  was  successfully  used 
for  about  eight  years. 

About  this  tixne  Young's  company  introduced  a  vertical  retort 
said  to  have  been  suggested  by  Doctor  Price.'®  This  retort  had  an 
elliptical  cross  section  and  a  taper  much  greater  than  that  before 
used.  The  large  part  was  placed  downward,  and  the  discharge 
passed,  as  usual,  into  a  water  seal.  The  retort  was  charged  from  a 
hopper,  and  about  16  hours  after  it  had  been  first  charged  and  heated 
a  small  quantity  of  spent  shale  was  raked  out  of  the  water  seal  and 
an  equal  amount  of  fresh  shale  was  charged  from  the  hopper.  The 
hopper  was  recharged  every  3  hours.  Six  or  eight  of  these  retorts 
were  set  in  a  common  furnace,  and  it  is  to  be  noted  that  the  vertical 
screw  conveyers  were  no  longer  necessary. 

This  retort  was  developed  in  1860,  and  its  advantages  over  the 
horizontal  retorts  quickly  became  evident.  Although  various  types 
of  horizontal  retorts  were  used  for  many  years,  they  were  graduaUy 
superseded  by  the  verticals,  until  to-day  the  verticals  are  the  only 
type  used.  These  increased  the  yield  of  oil  from  a  given  shale  by 
more  than  10  per  cent,  and  although  the  oil  from  the  verticals  required 
a  distillation  before  chemical  treatment,  whereas  oils  from  the  hori- 
zontals  did  not,  even  then  the  cost  of  the  '^  vertical "  oil  ready  for 
chemical  treatment  was  less  than  that  of  oil  from  the  horizontal  retort 


BnsUflb  iMLteat  625  (1860). 
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at  the  same  stage.  The  yield  of  naphtha  fnmi  the 
was  more  than  twice  as  large  as  that  from  the  vertical,  but  thej" 
of  illmninating  and  lubricating  oils  were  higher  and  the  as. 
of  paraffin  obtained  from  the  *^  vertical  ^  oil  was  nearly  50  pe: 
more  than  that  from  the  ^^  horizontal  ^  oil.  Inasmuch  as  pc 
wax  was,  and  still  is,  the  most  valuable  product  obtained  from  i 
oil  in  Scotland,  the  advantage  of  the  vertical  retort  is  evident 

In  1861  steam  '^  was  first  used  in  the  Scottish  retorts  for  tht 
pose  of  removing  the  oil  vapors  from  the  retorts  as  qnicklj  af  - 
sible   and  thus  preventing  undue  decomposition.     Steam  i: 
vertical  retorts  not  only  iucreased  the  yield  of  oil  upward  of  ^  * 
cent,  but  also  produced  an  oil  with  a  greater  percentage  of  pc. 
wax  than  when  it  was  not  used.    Since  1861  steam  has  been  gess:. 
used  in  vertical  retorts.    In  addition  to  its  effect  on  the  oil : 
the  use  of  steam  made  heat  transfer  more  effective  and  the  dkr 
tion  of  heat  more  uniform,  thus  making  control  of  tempot? 
less  difficult.    In  the  horizontal  retorts  the  use  of  steam  do^ 
present  such  great  advantages,  because  of  the  difficulty  of  oUi* 
effective  distribution. 

In  the  Price  type  of  vertical  retort  coal  was  used  as  fuel-nr 
600  pounds  of  coal  per  ton  of  shale  retorted.  The  average  B 
these  retorts  was  four  and  a  half  years;  then  the  bottoms  we^ 
distorted  and  cracked  that  the  whole  retort  had  to  be  replaced. 

The  construction  and  operation  of  this  type  marked  the ' 
great  advance  in  the  development  of  the  present  Scottish  if 
The  continuous  vertical  retort  with  an  elliptical  cross  sectioc^ 
adopted  in  preference  to  the  horzontal,  and  the  use  of  steam  i:- 
torting  was  introduced. 

In  1865  Robert  Bell,*'  of  Broxburn,  accidentally  discovered :: 
the  water  produced  in  retorting  the  shale  was  valuable  as  a  fertiEs 
Up  to  that  time  this  water,  considered  a  necessary  nuisance.^' 
been  wasted.  Bell  noticed  that  the  growth  of  grass  was  extnt^' 
narily  luxuriant  in  a  field  into  which  the  waste  water  had  been  tu/t! 
An  investigation  drew  attention  to  the  ammonia  content  c{  ^^ 
water,  and  the  development  of  methods  for  the  production  of  -^ 
monium  sulphate  followed.  Incidentally,  it  may  be  mentioned  - 
the  production  of  anmionium .sulphate  has  been  the  life-saver  of* 
industry  in  Scotland,  as  the  oil  yield  alone  would  have  bees 
sufficient  to  make  the  industry  pay. 

From  1860  to  1878  various  forms  of  horizontal  and  vertical  retcrs 
were  tried,  some  designed  to  operate  continuously  and  others  i: 
termittently,  but  none  of  these  are  particularly  noteworthy  and:- 

■  Redwood,  BoTcrton,  work  cited,  p.  90. 
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use  of  the  vertical  types  increased.  In  1873  Henderson^*  patented 
his  first  vertical  retort,  which  marked  a  second  great  step  in  the 
development  of  the  Scottish  retort. 

The  features  of  the  1873  Henderson  retort  are  (1)  the  spent  shale 
was  used  as  a  fuel  for  heating  the  reto'rt;  (2)  discharge  of  the  spent 
shale  was  greatly  facilitated;  (3)  the  distillation  products  passed 
out  at  the  bottom  of  the  retort,  instead  of  the  top  as  in  previous 
practice;  and  (4)  the  fixed  or  uncondensable  gases  resulting  from 
the  shale  distillation  were,  after  being  scrubbed  to  remove  naphtha 
and  ammonia,  led  back  to  the  retort  and  burned  as  fuel.  The 
cast-iron  retorts  were  vertical  and  of  elliptical  cross  section;  four 
were  set  in  a  common  oven  and  heated  by  two  furnaces.  The  shale 
was  charged  at  the  top  from  cars,  and  after  16  hours  was  discharged 
in  a  spent  condition  into  one  of  the  furnaces  below,  in  which  was 

also  burned  the  retort  gas,  as  has  been  noted.  Periodically  the  shale 
ash  was  dropped  from  the  furnace  into  a  car,  which  took  it  to  the 
dump.  Operation  of  the  retorts  was  intermittent,  a  retort  being 
emptied  completely  before  a  fresh  charge  was  added.  Volatile  prod- 
ucts were  removed  downward  and  passed  from  the  retort  through 
a  vapor  line  in  the  bottom.  Steam,  somewhat  superheated,  was 
passed  into  the  retort  at  the  top,  which,  on  account  of  the  design  of 
the  furnace,  was  the  hottest  and  the  bottom  the  coolest  part  of  the 

retort. 

There  is  a  difference  of  opinion  as  to  the  real  economic  value  of 
the  combustion  of  the  spent  shale  for  fuel  purposes  in  the  1878 
Henderson  retort.  Since  the  shale  was  discharged  comparatively 
cool,  considerable  heat  was  undoubtedly  required  to  bring  it  to  and 
keep  it  at  combustion  temperature.  The  spent  shale  from  this  retort 
contained  considerable  free  carbon  (9  to  14  per  cent),  as  retort  tem- 
peratures were  too  low  to  permit  the  action  of  the  steam  on  the  car- 
bon to  progress  to  any  important  extent.  This  fixed  carbon  was,  of 
course,  burned  in  the  furnace,  and  probably  supplied  more  heat  than 
was  needed  to  keep  it  burning.  In  any  event,  the  burning  of  the  spent 
shale  and  the  fixed  gases,  as  fuel,  reduced  the  amount  of  coal  re- 
quired in  retorting  about  50  per  cent.  On  account  of  the  ease  of 
diarging  and  discharging,  the  labor  required  was  cut  33  per  cent. 

The  yield  of  oil  from  the  first  Henderson  was  about  the  same  as 
that  from  the  older  vertical  retorts,  but  the  total  yield  of  finished 
oil  products,  especially  wax,  was  notably  greater  in  the  former. 
The  yield  of  ammonia  from  the  Henderson  was,  however,  only  about 
half  as  much  as  from  the  old  verticals.  The  life  of  these  retorts, 
under  proper  care,  was  upward  of  five  years. 
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About  1880  •*  Young  and  Beilby  discovered  that  the  recovery  of 
ammonia  could  be  greatly  increased  if  after  the  removal  of  the 
volatile  matter  from  the  shale  the  latter  was  heated  to  a  high  tem- 
perature and  at  the  same  time  submitted  to  the  action  of  superheated 
steam.  It  was  soon  determined  that  the  yield  of  ammonia  w«s  in- 
creased as  the  carbon  was  removed  from  the  shale  by  this  action, 
and  that  the  maximum  amoxmt  of  ammonia  could  be  recovered  only 
if  all  the  carbon  were  so  removed. 

In  line  with  these  discoveries,  Young  and  B^by,  woi^king  inde- 
pendently, constructed  retorts  designed  to  recover  the  oil  from  the 
upper  part  of  the  retort,  where  the  temperature  was  kept  relatively 
low;  ammonia  was  formed  at  the  bottom  of  the  retort  where  the 
t;emperature  was  high.  The  work  of  these  men  demonstrated  the 
advantages  of  their  discoveries,  but  imperfections  in  retort  design 
and  coni^ruction  caused  the  failure  of  their,  retorts.  They  then  com- 
bined their  ideas,  and  in  1882  patented  the  Young  and  Beilby,  or 
''  Pentland  "  composite  retort,^*^  which  was  the  first  appearance  of 
the  modem  Scottish  retort  With  minor  modifications,  this  type  of 
retort  is  still  in  use  in  Scotland. 

THE  YOUNQ  AND  BEILBY  BKTOBT    (188S). 

Plate  V  is  a  reproduction  of  a  sectional  model  of  a  bench  of  Young 
and  Beilby  retorts.  This  retort  is  also  known  as  the  "Pentland" 
composite  retort,  because  the  single  retort  performed  two  definite 
operations — (1)  distillation  of  the  oil  from  the  shale  at  relatively 
low  temperatures;  and  (2),  after  distillation  of  the  oil,  produc- 
tion of  ammonia  from  the  nitrogen  of  the  shale  at  a  comparatively 
high  temperature  with  the  aid  of  steam. 

In  operation  a  hopper  or  "jumbo"  A  (Plate  V),  which  was 
common  to  and  served  four  retorts,  was  filled  with  shale.  The  hop- 
per had  four  lids  for  charging.  The  shale  passed  into  the  cast-iron 
part  B  of  the  retorts,  which  was  of  circular  cross  section  and  tapered 
slightly  from  top  to  bottom.  In  this  part  of  the  retort  the  oil  was 
practically  all  distilled  from  the  shale  at  a  temperature  of  about 
900**  F.  The  shale  residue  then  passed  into  the  fire-brick  part  of  the 
retort  C  (joined  to  iron  part  B  with  a  fire-clay  joint  K),  in  which 
the  shale  reached  a  temperature  of  1,300°  F.,  and  was  subjected  to 
the  action  of  superheated  steam  entering  the  retorts  at  E.  In  later 
retorts  low-pressure  steam  without  superheat  was  used.  In  this 
part  of  the  retort  much  of  the  nitrogen  of  the  shale  was  converted 
into  ammonia  by  the  action  of  the  steam ;  at  the  same  time  and  in  the 
same  reaction  the  bulk  of  the  carbon  in  the  residue  was  converted 

■*  Redwood,  BoTerton,  A  treatise  on  petroleum.     Vol.  2,  3d  ed.,  London,  1918,  p.  06w 
"Bngliih  patents  1877  and  6084  (1882). 
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into  water  gas.  Discharge  doors  O  were  opened  every  six  hours  to 
remove  the  spent  shale,  corresponding  in  volume  to  850  pounds  of 
broken  raw  shale,  which  passed  into  the  retort  with  the  removal  o| 
the  spent  shale.  Gases  and  vapors  resulting  from  the  distillation 
were  removed  from  the  top  of  the  hopper  A  after  passing  through 
the  fresh  shale  therein,  through  vapor  off-take  F,  into  vapor  main  G, 
and  thence  into  the  condensers.  Some  type  of  exhauster  was  used  in 
the  vapor- line  system  to  keep  a  slight  suction  in  the  retorts. 

The  passage  of  the  distillation  vapors  through  fresh  shale  in  hop- 
per A  was  expected  partly  to  refine  the  oil  and  make  the  primary 
refining  distillation  unnecessary,  but  this  arrangement  did  not  accom- 
plish what  was  expected  of  it. 

Gas  was  used  as  fuel ;  it  consisted  of  the  fixed  gases  from  shale  dis- 
tillation supplemented  by  producer  gas  made  from  dross  coal.  For 
each  eight  shale  retorts  there  were  two  gas  producers,  which  were  so 
operated  that  the  ammonia  produced  from  the  coal  was  recovered 
with  the  ammonia  from  the  shale.  Gas  supplied  by  pipes  P  was 
admitted  into  and  burned  in  flues  H.  Spent  shale  discharged  from 
the  retorts  dropped  into  cars  running  on  track  T  and  was  carried  to 
the  spent-shale  dump. 

A  bench  of  80  retorts  had  a  capacity  of  110  to  135  tons  of  shale 
per  24  hours;  each  retort  thus  put  through  1.38  to  L68  tons  of  shale  a 
day.  Each  retort  held  about  3,300  pounds  of  shale,  so  about  24  hours 
was  required  for  a  particle  of  shale  to  travel  from  top  to  bottom  of 
the  retort.  The  amount  of  steam  used  varied  with  the  quality  of 
the  shale,  but  averaged  about  108  gallons  of  water,  as  steam,  per  ton 
of  shale.  The  steam  was  commonly  the  exhaust  from  the  works 
power  plant  and  quickly  became  superheated  in  passing  through  the 
hot  spent  shale  in  the  bottom  of  the  retort.    (See  p.  73.) 

The  Young  and  Beilby  retort  had  a  life  of  six  or  seven  years,  If 
operated  carefully.  As  in  modern  retorts,  care  had  to  be  exercised 
in  heating,  especially  to  prevent  the  pulling  apart  of  the  joint  be- 
tween the  iron  and  fire-brick  parts  of  the  retort.  Coal  consumption 
in  this  retort  was  100  to  300  pounds  per  ton  of  shale  retorted.  The 
oil  produced  was  a  little  less  in  quantity  but  somewhat  better  in 
quality — especially  in  yield  of  paraffin  and  lubricating  oil — ^than  that 
produced  in  the  old  Henderson  retort,  but  the  yield  of  ammonia  was 
two  and  one-half  to  four  times  as  great  as  from  the  latter.  The 
Young  and  Beilby  retort,  therefore,  soon  practically  superseded  all 
earlier  types,  until  it  was  itself  replaced  by  the  more  modem  Young 
and  Fyfe,  Henderson,  and  Pumpherston  (or  Bryson)  retorts.  All 
these  latter  types  are,  however,  based  on  the  principle  of  the  Young 
and  Beilby,  and  essentially  differ  from  the  latter  only  in  dim^isions 
and  in  being  continuous  in  operation  instead  of  intermittent. 
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THK  HENDERSON  RETORT  OF  1889. 

In  1889  Henderson  patented  a  new  retort  based  on  the  Young  and 
Beilby  principle.**  This  retort  in  its  improved  form,*^  which  is 
shown  in  Plate  VII,  is  used  to  the  exclusion  of  others  by  the  Brox- 
burn Oil  Co.  (Ltd.),  now  a  part  of  Scottish  Oils  (Ltd.). 

Plate  VII,  5,  represents  an  end  section  of  a  bench  of  the  improved 
Henderson  or  "  Broxburn  "  retorts,  showing  two  retorts  in  section. 
One  malleable  iron  hopper  (1)  is  provided  for  each  retort.  These 
hoppers  have  a  capacity  of  about  54  cubic  feet  and  hold  a  supply  of 
broken  shale  sufficient  to  run  the  retort  for  about  18  hours.  The  casi- 
iron  part  6  of  the  retort  is  retangular,  measuring  2  feet  9} 
inches  by  1  foot  2f  inches  at  the  top  and  increasing  with  constant 
taper  to  8  feet  J  inch  by  1  foot  5J  inches  at  the  bottom,  where  it  is 
joined  to  fire-brick  section  8  by  a  fire-clay  joint  7.  The  length  of  the 
iron  part  of  the  retort  is  14  feet.  The  fire-brick  part  of  the  retort  is 
made  up  of  specially  shaped  brick,  and  the  length  of  this  part  is 
usually  20  feet.  Its  cross  section  is  rectangular,  measuring  3  feet  \ 
inch  by  1  foot  5 J  inches  at  the  top,  where  it  is  joined  to  the  iron  part. 
At  the  bottom  the  cross-sectional  measurements  have  increased 
to  4  feet  8  inches  by  1  foot  10  inches.  The  shale  in  the  retort 
rests  on  a  pair  of  toothed  rolls  9,  about  4  J  feet  long,  at  the  bottom  of , 
the  retort.  These  rolls  rotate  slowly  toward  each  other  at  a  regulated  I 
rate,  permitting  a  controlled  throughput  of  shale.  Spent  shale  is  dis-l 
charged  continuously  by  the  rolls  into  hoppers  10,  one  for  each 
retort.  These  hoppers  are  discharged  periodically  into  cars  on  tracks 
26  running  beneath  the  retort  benches.  The  over-all  height  of  the 
retort  bench  is  about  65  feet. 

Vapors  pass  out  of  the  tops  of  the  retorts  through  vapor  lines  3, 
into  30-inch  headers  5,  and  into  condensers  as  subsequently  described 
(PL  IX).  A  slight  vacuum  is  maintained  in  the  retorts  by  some 
form  of  exhauster,  often  a  fan,  in  the  condenser  system.  Steam  is 
admitted  into  the  bottom  of  the  brick  part  of  the  retort  in  about  the 
same  proportions  as  indicated  for  the  Young  and  Beilby  retort. 
Practically  all  of  the  oil  is  distilled  from  the  shale  in  the  cast-iron 
part  6  of  the  retort,  at  a  temperature  of  about  900^  F.  The  spent^ 
oil  shale  reaches  a  maximum  temperature  probably  exceeding  h^ 
F.  in  the  bottom  of  the  fire-brick  part  8,  but  is  discharged  from  the 
hoppers  relatively  cool,  having  been  cooled  by  the  incoming  steam- 

The  new  Henderson  retort  puts  through,  in  a  day  of  24  hours,  4  to 
4^  tons  of  the  grade  of  shale  now  being  mined  in  Scotland.    The  sbaie 
remains  in  the  heat  of  the  retort  24  to  30  hours,  and  thus  is  heate 
very  gradually.    As  compared  with  older  types,  the  retort  Ji^ 

••  English  patent  6726  (1889). 
V  English  patent  26647  (1901). 
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slightly  more  oil  and  notably  more  ammonium  sulphate.  On  account 
of  the  greater  length  of  the  retorts,  depreciation  is  slower,  and  the 
life  of  a  retort  is  7  to  10  years. 

The  retorts  are  heated  by  the  fixed  gases  from  the  distillation  of 
the  shale  supplemented  by  producer  gas  made  from  dross  coal,  after 
both  gases  have  been  scrubbed  for  gasoline  and  ammonia.  Four 
retorts  are  set  in  1  oven,  and  16  ovens  comprise  a  bench,  2  retorts 
wide  and  32  long.  At  the  crude-oil  works  of  the  Broxburn  Oil  Co. 
(Ltd.)  8}  benches,  or  224  retorts,  of  this  type  are  in  operation.  The 
Henderson  retort  of  1889  ■■  differed  from  the  improved  type  mainly  in 
being  shorter,  and  the  discharge  mechanism  had  one  roll  instead  of 
two. 

THE  YOUNO   AND  FTFE    BETOBT. 

Young's  Paraffin  Light  &  Mineral  Oil  Co.  (Ltd.)  uses  a  modified 
Young  and  Beilby  retort  called  the  Young  and  Fyfe."'  This  type 
is  the  old  Young  and  Beilby  retort  made  continuous,  but  inasmuch 
as  its  efficiency  is  lower  and  operating  costs  higher  than  both  the 
Henderson  and  the  Pumpherston  no  detailed  description  is  given 
here.  The  top  hoppers  are  provided  with  rocking  shafts  to  which 
chains  are  attached  to  facilitate  the  regular  passage  of  raw  shale 
onto  the  retorts.  Spent  shale  is  discharged  by  a  type  of  double  screw 
into  a  large  combustion  chamber  at  the  bottom  of  the  retort.  In 
this  chamber  the  residual  fixed  carbon  of  the  shale  is  burned  out, 
but  apparently  this  does  not  increase  the  efficiency  of  the  retort  or 
decrease  the  cost  of  fuel  to  any  appreciable  extent. 

THE  PUMPHKB8T0N  BETOBT. 

The  Pumpherston  or  Bryson  retort,  invented  by  Bryson,  Fraser, 
and  Jones,  of  the  Pumpherston  Oil  Co.  (Ltd.),'*  is  undoubtedly  the 
most  efficient  and  best  retort  that  has  been  devised  to  treat  Scottish 
oil  shales.  Plate  VI  shows  the  external  appearance  of  this  type  of 
retort,  which  is  used  exclusively  by  the  Pumpherston  and  Oakbank 
Oil  Companies  (Ltd.),  both  now  part  of  Scottish  Oils  (Ltd.).  The 
Pumpherston  company  was,  before  the  consolidation,  the  largest 
oil-shale  company  in  Scotland,  and  during  the  past  decade  has  paid 
the  largest  dividends  of  any  of  the  present  six  producing  oil-shale 
companies. 

The  Pumpherston  retort  is  vertical  and  circular  in  cross  section. 
It  consists  of  five  essential  parts  (see  PI.  VIII,  A) ;  a  hopper,  a; 
a  cast-iron  part,  b;  a  fire-brick  retort  part,  d,  joined  to  b  at  c;  a  dis- 
charge mechanism,  e ;  and  a  spent-shale  hopper,  f . 

"•English  iMtefit  6726  <18S9). 

•English  patents  13665  (1807)  and  15286  (1800). 

"English  patents  8871  (1804),  7113  (1806),  4240  (1807). 
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slightly  more  oil  and  notably  more  ammonium  sulphate.  On  account 
of  the  greater  length  of  the  retorts,  depreciation  is  slower,  and  the 
lif  Q  of  a  retort  is  7  to  10  years. 

The  retorts  are  heated  by  the  fixed  gases  from  the  distillation  of 
the  shale  supplemented  by  producer  gas  made  from  dross  coal,  after 
both  gases  have  been  scrubbed  for  gasoline  and  ammonia.  Four 
retorts  are  set  in  1  oven,  and  16  ovens  comprise  a  bench,  2  retorts 
wide  and  32  long.  At  the  crude-oil  works  of  the  Broxburn  Oil  Co. 
(Ltd.)  3}  benches,  or  224  retorts,  of  this  type  are  in  operation.  The 
Henderson  retort  of  1889  ^^  differed  from  the  improved  type  mainly  in 
being  shorter,  and  the  discharge  mechanism  had  one  roll  instead  of 
two. 

THE  YOUNO   AND  FTTE    BETOBT. 

Young's  Paraffin  Light  &  Mineral  Oil  Co.  (Ltd.)  uses  a  modified 
Young  and  Beilby  retort  called  the  Young  and  Fyfe."'  This  type 
is  the  old  Young  and  Beilby  retort  made  continuous,  but  inasmuch 
as  its  efficiency  is  lower  and  operating  costs  higher  than  both  the 
Henderson  and  the  Pumpherston  no  detailed  description  is  given 
here.  The  top  hoppers  are  provided  with  rocking  shafts  to  which 
chains  are  attached  to  facilitate  the  regular  passage  of  raw  shale 
onto  the  retorts.  Spent  shale  is  discharged  by  a  type  of  double  screw 
into  a  large  combustion  chamber  at  the  bottom  of  the  retort.  In 
this  chamber  the  residual  fixed  carbon  of  the  shale  is  burned  out, 
but  apparently  this  does  not  increase  the  efficiency  of  the  retort  or 
decrease  the  cost  of  fuel  to  any  appreciable  extent. 

THE  PUMPHERSTON  RETORT. 

The  Pumpherston  or  Bryson  retort,  invented  by  Bryson,  Fraser, 
and  Jones,  of  the  Pumpherston  Oil  Co.  (Ltd.),'**  is  undoubtedly  the 
most  efficient  and  best  retort  that  has  been  devised  to  treat  Scottish 
oU  shales.  Plate  VI  shows  the  external  appearance  of  this  type  of 
retort,  which  is  used  exclusively  by  the  Pumpherston  and  Oakbank 
Oil  Companies  (Ltd.),  both  now  part  of  Scottish  Oils  (Ltd.).  The 
Pumpherston  company  was,  before  the  consolidation,  the  largest 
oil-shale  company  in  Scotland,  and  during  the  past  decade  has  paid 
the  largest  dividends  of  any  of  the  present  six  producing  oil-shale 
companies. 

The  Pumpherston  retort  is  vertical  and  circular  in  cross  section. 
It  consists  of  five  essential  parts  (see  PI.  VIII,  A);  a  hopper,  a; 
a  cast-iron  part,  b;  a  fire-brick  retort  part,  d,  joined  to  b  at  c;  a  dis- 
charge mechanism,  e;  and  a  spent-shale  hopper,  f. 

« English  iMtMit  6726   (1889). 

••English  patents  13665  (1807)  and  15236  (1899). 

••English  patents  8871  (1894).  7118  (1895).  4249  (1897). 
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Hopper  a  (one  for  each  retort)  is  of  wrought  iron  <aiid  holds 
enough  shale  that  the  retorts  need  not  be  charged  during  the  night 
or  over  Sunday.  The  top  or  cast-iron  part  of  the  retort  is  11  feet 
high,  circular  in  cross  section,  tapered,  2  feet  in  diameter  at  the  top 
and  2  feet  4  inches  at  the  bottom.  This  part  is  a  single  casting, 
about  1  inch  thick.  At  the  top  is  an  8-inch  vapor  offtake,  j,  cast 
integral  with  the  retort ;  through  this  the  distillation  products  of 
the  shale  pass  from  the  retorts  into  the  vapor  header  k.  The  angle 
between  the  retort  and  the  vapor  line  j  is  45°,  and  a  lip,  1,  keeps  tbe 
shale  from  clogging  the  offtake. 

At  c  the  cast-iron  part  of  the  retort  rests  on,  and  is  joined  to,  fire- 
brick part  d.  The  joint  is  made  with  a  special  fire-clay  mixtURJ 
The  fire-brick  part  d  is  18  feet  high,  of  circular  cross  section,  and 
like  the  iron  part,  tapers  at  a  constant  rate  from  top  to  bottom.  II 
is  2  feet  4  inches  in  diameter  at  the  top  where  it  joins  the  m 
part,  3  feet  in  diameter  at  the  bottom,  and  is  xnade  of  a  single  tieroi 
brick. 

The  brick  section  is  constructed  of  specially  shaped  fire  bricl^ 
made  of  exceptionally  fine  fire  clay  found  in  the  vicinity  of  the  shdj 
fields.  The  bricks  are  laid  with  a  thin  coat  of  fire  clay.  At  points  j 
Plate  VIII,  A,  are  special  bricks  extending  from  this  fire-brick  part 
and  touching  similar  bricks,  m,  in  the  outer  wall  of  the  retort.  Thes 
bricks  are  not  tied  to  each  other,  are  free  to  move  and  expand  aw 
contract,  but  provide  a  support  for  the  retort  itself.  The  whol 
retort  is  in  no  way  tied  to  the  outer  wall  at  any  place,  but  each  n 
tort  is  free  to  expand  and  contract  as  a  unit,  without  putting  straii 
on  any  part  of  the  bench.  Just  above  the  bottom  of  the  retort  i 
constriction  n,  below  which  is  a  circular  iron  table,  o,  that  support 
the  shale  in  the  retort.  Above  this  table  is  a  curved  arm,  p,  whic 
revolves  above  the  table,  being  driven  by  a  system  of  ratchets  an* 
pawls  as  indicated  at  x,  (PI.  VIII,  B).  As  it  revolves,  this  an 
thrusts  the  spent  shale  from  the  retort  into  spent-shale  hopper 
common  to  two  retorts. 

Since  the  shale  falls  apart  and  expands  about  25  per  cent  in  vo 
umc  during  retorting,  and  also  tends  to  stick  and  bridge,  the  retor 
are  tapered,  as  noted,  to  permit  the  shale  to  move  freely. 

The  revolving  arm  ordinarily  makes  four  revolutions  an  hoii 
but  its  rate,  and  consequently  the  rate  of  discharge  of  spent  sba 
can  be  regulated.  Tne  arm,  besides  discharging  spent  shale  fro 
the  retort,  gives  the  shale  a  certain  amount  of  movement  in  t 
retort  and  discourages  any  tendency  of  the  shale  to  bridge,  clog, 
stick.  Hopper  f  is  discharged  periodically  into  spent-shale  a 
by  lowering  bell  s.    It  is  to  be  noted  that  one  track  beneath  the  bei 


f^mt 


^n 


UIHTOBY  OF  THE  OHi-SHAIjE  IITDUSTRY.  71 

of  retorts  takes  care  of  the  spent  shale  from  aU  the  retorts  of  the 
bench,  because  of  the  design  of  the  discharge  hoppers. 

Steam — exhaust  from  the  power  plant — ^is  admitted  into  spent- 
shale  hoppers  at  t,  and  passes  upward  into  the  retorts.  Gas — used 
as  fuel — enters  combustion  spaces  at  the  bottom  of  the  brick  section, 
and  these  combustion  chambers  are  divided  into  four  segments  by 
baffle  walls  which  cause  the  flames  to  circle  the  outside  part  of  the 
retort.  Usually  the  hot  gases  from  the  brick  section  pass  to  the  top 
of  the  oven  v,  surrounding  the  iron  parts,  and  strike  an  arch,  w, 
which  directs  them  downward  into  a  flue,  y,  that  starts  at  the  bottom 
of  the  housing  for  the  cast-iron  section.  Two  smokestacks,  r,  serve  a 
unit  of  lour  retorts,  set  in  a  common  furnace;  each  unit  of  four  is 
separated  from  the  next  unit  by  fairly  thick  brick  wall&  Sixteen 
units  constitute  a  bench  of  retorts,  2  retorts  wide  and  32  long. 

The  Pumpherston  retort  proper  holds  4^  tons  of  shale  and  its 
present  throughput  of  shale  is  4  to  4|^^  tons  a  day.  Therefore  a 
piece  of  shale  requires  24  hours  to  pass  from  top  to  bottom  of  die 
retort.  Inasmuch  as  the  raw-shale  hopper  at  the  top  of  the  retort 
holds  4^  tons  in  addition,  a  piece  of  shale  requires  48  hours  to 
travel  from  the  raw  to  the  spent-shale  hopper. 

In  operation,  freshly  broken  shale  is  fed  from  time  to  time  from 
cars  u  (PI.  VIII,  A)  into  hopper  a,  from  which  it  gradually  passes 
into  the  iron  part  b,  where  practicaUy  all  of  the  oil  is  distilled  at  a 
temperature  probably  not  exceeding  900"^  F.  The  shale  then  passes 
into  the  brick  part  d  of  the  retort,  where  it  is  subjected  to  the  action 
of  steam  and  reaches  a  final  temperature  in  the  lower  part  of  the 
combustion  chamber,  certainly  not  in  excess  of  1,800**  F.  The  amount 
of  steam  used  varies  with  the  quality  of  the  shale,  but  usually 
amounts  to  about  100  gallons  of  water — as  steam — ^to  each  ton  of 
shale  treated ;  that  is,  to  each  25  gallons  of  oil  produced. 

The  spent  shale  discharges  into  the  spent-shale  hopper  f,  and  is 
finally  dumped  from  the  latter,  as  described,  into  cars  g.  It  usually 
contains  only  IJ  to  2  per  cent  of  fixed  carbon,  which  could  be  re- 
moved by  the  action  of  heat  and  steam,  but  this  amount  is  allowed 
to  remain  as  the  economic  limit  with  respect  to  fuel  consumption, 
throughput  of  shale,  and  ammonia  and  gas  yield.  Probably  a  larger 
yield  of  ammonia  and  gas  per  unit  weight  of  shale  could  be  ob- 
tained by  reducing  the  amount  of  fixed  carbon  in  the  spent  shale 
through  the  use  of  more  steam  and  longer  retorting  time,  but  with 
decreased  throughput  and  increased  operating  costk 

onoLiTnia  TxiaxMTinuuk 

Temperature  measurements  within  the  retort  itself  bave  never  been 
made.    A  series  of  heat  measurements  in  different  parts  of  the  com- 
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bastion  chambers  immediately  surrounding  the  retorts  gave  the  fol- 
lowing temperatures,  which  can  probably  be  considered  as  averages; 


Temperatures  in  combustion  chambers. 

Section  of  famace: 

Bottom 

Middle  of  brick  part 

Top  of  brick  part . 

Middle  of  iron  part 

Top  of  iron  part 900-1. 35n 

Average  of  top  of  iron  part , 1, 100 


•F. 

1.800 
1,650 

1,500 

i^iai 


The  fires  and  temperatures  in  the  different  zones  of  the  retorts  are 
controlled  by  one  man  per  shift,  who  determines  retort  temperatures 
visually  through  peepholes  at  various  levels  of  the  retort. 

OAPAOZTY  OF  TSB  EETOBT. 

The  capacity  of  a  Pumpherston  retort  has  been  given  as  4  to  4} 
tons  of  shale  per  24-hour  day.  This  is  true  as  to  the  shale  now  being 
treated,  but  experiments  have  indicated  that  the  capacity  of  the  re- 
tort is  one  of  oil  production  rather  than  of  shale  throughput.  It  may 
be  stated  that  the  maximum  daily  capacity  of  a  Pumpherston  retort 
is  about  96  gallons  of  oil,  when  operating  under  best  conditions: 
that  is,  producing  all  the  ammonia  possible  and  the  greatest  yield 
of  the  best  oil  possible  (this  does  not  include  scrubber  naphtha). 
Therefore,  in  round  figures,  a  Pumpherston  retort  will  handle  10  tons 
of  10-gallon  shale  and  1  ton  of  100-gallon  shale  a  day.  Table  12 
indicates  this  general  tendency,  the  figures  being  derived  from  actual 
teat  runs. 

Table  12. — Oopacity  of  Pumpherston  retorts — effect  of  oil  yield  of  shales  oi 

throughput. 


Yiddofdule 

(gaUoDSper 
ton). 

ThrODi^piit  of 

shale  (tons 

per  day). 

Ollyiddper 

retort  per  oay 
(gauons). 

1A.1 
10.6 
2L2 

aa6 

28.2 
8&4 

61.4 
•136.8 

3.42 
4.26 
3.81 
4.32 
4.32 
2.63 
3.36 
L46 

7Z7 

81.4 

92.0 

129.6 

121.2 

92.7 

207.6 

107.8 

•  AustraUan  aliale;  throughput  very  slow,  as  the  shale  tended  to  intumesce  and  sinter  In  the  retort. 

UBS  or  THS  BETOBTS. 

A  Pumpherston  retort  has  a  life  of  over  20  years ;  many  have  now 
been  working  continuously  for  that  time.  The  average  life  is  prob- 
ably not  80  long,  but  with  minor  repaii*s  is  well  over  12  years.    The 
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cast-iron  parts  fail  by  overheating  and  swelling,  which  later  pro- 
duces cracking,  and  the  brick  part  fails  by  cracking  and  wearing  out. 
The  scouring  action  of  the  shale  in  the  lower  part  of  the  retort 
slowly  wears  that  part  thinner,  hence  the  bricks  used  are  selected 
for  their  ability  to  resist  abrasion  rather  than  for  their  heat  con- 
ductivity. Much  care  must  be  taken  in  starting  and  operating  the 
retorts  to  avoid  sudden  temperature  changes,  local  overheating,  or 
explosions. 

LABOB  rOB  BBTOBTXVO. 

A  bench,  or  16  units  of  4  retorts  each,  64  retorts  in  all,  is  operated 
by  1  charger,  1  dropper,  1  tip  man,  and  1  man  to  clean  pipes  and  to 
regulate  heats,  etc.,  a  total  of  4  men  a  shift,  or  12  men  a  day.  In 
May,  1920,  the  shale  workers  were  granted  a  7-hour  day  in  place  of 
8  hours. 


As  a  unit  consists  of  4  retorts,  when  1  is  being  repaired  the  4 
must  shut  down.  After  repairing  a  retort  about  24  hours  is  required 
to  heat  the  unit  up  to  operating  temperature.  If  a  bench  is  shut 
down,  the  time  required  for  heating  up  is  two  weeks.  When  a  retort 
has  been  off  for  repair  it  is  heated  slowly,  and  preferably  on  spent 
shale,  but  often  fresh  shale  is  charged  in  at  once  and  distillation 
commences  immediately.  In  charging  an  empty  retort  care  must  be 
taken  to  prevent  disastrous  explosions.  Vapor  mains  are  usually 
provided  with  explosion  doors  to  provide  for  such  accidents. 

I  VSB  or  8TBAM  ZV  BBTOBTIVe. 

As  stated  before,  all  modern  Scottish  oil-shale  plants  submit  their 
shale  to  the  action  of  steam  in  the  retorts  at  a  relatively  high  tem- 
perature. The  steam  serves  xnany  purposes,  and  its  use  in  these 
retorts  is  essentiaL  Exhaust  steam  entering  the  bottom  of  the  re- 
torts cools  the  hot  spent  shale  passing  from  them  and  becomes  super- 
heated; then,  passing  into  the  retort,  the  steam  takes  back  much 
heat  that  would  otherwise  be  wasted.  The  steam  also  distributes 
the  heat  evenly  throughout  the  shale  in  the  retort,  thus  helping  to 
produce  uniform  temperatures,  and  sweeps  the  oil  vapors  out  of  the 
retort  before  they  can  decompose  much.  (See  p.  177.)  At  the  tem- 
perature of  the  base  of  the  retort,  1,300^  to  1,800""  F.,  steam  reacts 
with  the  fixed  carbon  of  the  shale  to  produce  a  mixture  of  carbon 
dioxide,  carbon  monoxide,  and  hydrogen.  The  two  latter  are  com- 
bustible gases,  valuable  as  fuels,  and  are  made  by  the  action  of  steam 
on  the  fixed  carbon  of  the  shale,  which  otherwise  would  not  be 
utilized.    The  use  of  steam  greatly  increases  the  ammonia  yield. 
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Some  ammonia  is  produced  from  shales  at  low  temperatureB  even 
without  the  use  of  steam,  possibly  by  the  decomposition  of  amines 
and  the  like;  but  when  the  carbon  is  removed  from  the  shale  by  the 
use  of  steam  much  of  the  nitrogen  of  the  spent  shala  is  either  set 
free  in  such  condition  that  it  can  combine  with  the  hydrogen  pro- 
duced by  the  interaction  of  steam  and  carbon,  or,  more  likely,  amino 
or  imino  compounds  are  freed,  which  are  reduced  to  ammonia  by  the 
hydrogen.  The  interaction  of  the  nitrogen  and  hydrogen,  or  the 
reduction  of  the  nitrogen-containing  compounds,  produces  ammonia, 
which,  at  the  temperature  of  that  part  of  the  retort,  would  decom- 
pose completely  into  its  elements  if  it  were  not  protected  by  excess 
steam  and  hydrogen  and  the  excess  gas  and  steam  did  not  immedi- 
ately sweep  it  into  a  cooler  zone.  Under  proper  conditions  prac- 
tically all  of  the  nitrogen  of  oil  shales  can  be  oonveited  into  am- 
monia by  the  use  of  a  large  excess  of  steam  and  relatively  high 
temperatures,  but  in  practical  retorting  in  Scotland  only  about  60 
per  cent  of  the  nitrogen  in  the  shale  is  converted  into  anmionia. 

The  yield  of  paraffin  from  oil  shales  has  been  increased  ezperi- 
roentally  by  Irvine,*^  who  passed  ammonia  into  the  retorts.  A  possi- 
ble explanation  is  that  part  of  the  ammonia  decomposed,  giving 
free  hydrogen,  and  the  increased  concentration  of  hydrogen  in  the 
oil-producing  zone  inhibited,  to  a  certain  extent,  the  decomposi- 
tion of  the  shale  oil.  It  hardly  seems  possible  that  hydrogenation 
of  the  oil  takes  place  in  the  modem  Scottish  retort 

CONDEKSATIOK  AND  SEPABATION  OF  FBOBXrGT& 

Large  and  comparatively  low-speed  rotary  suction  fans  pull  the 
vapors  and  gas  from  the  top  of  the  shale  retorts  and  into  the  con- 
densing and  scrubbing  system.  These  fans  are  placed  between  the 
last  (oil)  scrubbers  and  a  large  2-foot  gas  header,  to  which  the 
separate  retort  gas  burners  are  connected;  that  is,  the  fans  draw 
the  vapors  and  gas  from  the  retorts,  through  the  condensers,  water 
scrubbers,  and  oil  scrubber,  and  deliver  the  gas  into  the  burner- 
supply  header.  Gas  holders  are  not  used,  since  the  total  volume 
of  the  vapor  pipes,  condensers,  scrubbers,  and  gas  headers  is  large 
enough  to  take  care  of  pressure  fluctuations.  The  suction  of  the  fans 
should  not  be  more  than  9  or  10  inches  of  water  at  the  fan,  but  at 
the  retort  outlet  it  is  ordinarily  not  over  five-sixteenths  inch.  The 
whole  retorting  system,  including  retorts,  vapor  lines,  condensers,  and 
scrubbers  thus  operates  under  a  slight  negative  pressure.  The  suc- 
tion is  naturally  greatest  at  the  fans,  and  least  at  the  outlets  of  the 
spent-shale  hoppers.    Hence,  in  general,  any  leaks  in  this  system  are 

*>Stenart,  D.  B.,  Tbe  oU  thales  of  tlie  LoUilana,  Part  III,  The  chemlfftzj  of  tht  oil 
■bales:  Memoir  OeoL  Survey,  Scotland,  2d  ed.,  191S,  p.  177. 
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of  air  leakingin,  rather  than  of  vapors  and  gases  leaking  out.  Large 
leaks  are  detected  by  gauge  readings  and  by  an  increase  of  the  nitro^ 
gen  content  (nitrogen  from  the  air)  of  the  gases  coming  from  the 
scrubbers. 

From  the  retort  the  vapors  and  fixed  gases  pass  into  large  vapor 
mains,  usually  30  inches  in  diameter  (the  size  varies,  however,  with 
the  number  of  retorts  connected  to  a  main) ,  which  conduct  the  vapors 
to  the  condensers.  At  some  plants  boiler  feed- water  heaters,  serving 
as  economizers,  are  placed  in  the  vapor  mains,  but  this  practice  is 
not  general. 

The  condensers  (PL  IX)  are  air  cooled  and  vertical.  They  con* 
sist  of  cast-iron  pieces  9  feet  long  and  4  inches  in  diameter,  making 
an  inverted  U  at  the  top,  and  fitting  into  headers  at  the  bottom. 
The  condensers  are  four  joints  of  pipe  and  are  about  40  feet  high. 
For  a  110-ton  shale  plant,  1,392  cast-iron  pipes  are  used  in  addition 
to  the  headers,  giving  a  total  of  16,200  square  feet  of  cooling  sur- 
face, in  addition  to  headers  and  return  U's.  In  general,  15  square 
feet  of  cooling  surface  is  used  in  Scotland  for  1,000  cubic  feet  of 
vapors  and  permanei\t  gases  per  24  hours.  About  147  square  feet 
of  cooling  surface  is  provided  for  each  short  ton  of  shale  retorted 
per  day.  This  is  suitable  for  Scottish  shales  yielding  up  to  38  gal- 
lons of  oil  per  ton.  Grenerally  a  tubular  water  heater  is  installed  be- 
tween the  gas  mains  and  condensers. 

The  condensers  separate  from  the  vapors  and  fixed  gases  the  bulk 
of  the  oil  and  all  of  the  water  produced  in  distilling  the  shale,  also 
the  shale  dust.  The  water  and  oil  flow  from  the  condensers  to  sepa- 
rating boxes  or  tanks,  where  they  are  separated  by  gravity  settling. 
The  water,  which  contains  in  solution  nearly  all  of  the  ammonia 
produced  from  the  shale,  together  with  certain  fixed  nitrogen  com- 
pounds formed  in  retorting,  flows  into  a  tank  from  which  it  is  piped 
to  the  anmionium  sulphate  plant.  The  crude  oil  flows  to  another 
tank,  whence  it  is  either  piped  to  the  refinery  or  shipped  there  in  tank 
cars,  depending  on  the  distance  of  the  refinery  from  the  retorting 
plant.  The  crude  oil  has  a  high  congealing  point,  84°  to  92°  F., 
through  its  high  content  of  wax,  and  thus  its  transportation  in  pipe 
lines  is  attended  with  difficulties.  In  some  plants  the  oil  flows  in  a 
jacketed  line  to  the  refinery,  the  inner  pipe  carrying  the  oil  and  the 
outer  pipe  the  hot  water  recovered  from  the  condensers  on  its  way 
to  the  iammonia  plant.  The  ammonia  plant  is  commonly  operated  in 
connection  with  the  refinery. 

The  gases  passing  from  the  condensers  still  contain  small  quan- 
tities of  ammonia  and  light  hydrocarbons  not  removed  by  the  con- 
densers. In  order  to  separate  these,  the  gases  are  passed  into  vertical 
scrubbing  towers;  in  the  first  they  are  scrubbed  with  water  to  re- 
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move  ammonia,  and  in  the  second  with  an  intermediate  oil  th 
moves  the  lighter  hydrocarbons  (scrubber  gasoline  or  naphtlia) 

The  number  and  size  of  the  scrubbers  vary  with  the  size  o 
plant.  As  a  rule  they  are  vertical  towers  about  30  feet  bigb  m 
feet  in  diameter.  At  a  retorting  plant  there  are  usuaUy  two  or 
such  towers  for  water  scrubbing,  and  two  or  more  for  oil  scrub 
The  towers  are  partly  filled  with  coke  or  wood^i  dieckerwoi 
insure  intimate  contact  of  the  washing  liquid  with  the  gases. 
gases  enter  the  towers  at  the  bottom  and  the  scrubbing  liquid  ei 
at  the  top ;  the  gases  leave  the  towers  at  the  top  and  the  liquid  &i 
bottom.  In  the  first  towers  the  gases  are  thus  washed  with  -wi 
and  thereby  ammonia,  equivalent  to  about  3  pounds  of  anunou 
sulphate  to  a  ton  of  shale  retorted,  is  recovered.  From  the  scrub] 
the  ammonia-containing  water  is  piped  to  the  sulphate  plant,  wl 
it  is  combined  with  the  condenser  water. 

In  the  oil  scrubbers  the  gas  is  washed  with  an  intermediate  oi 
fraction  of  shale  oil  distilling  between  kerosene  and  the  first  Jul 
eating  fraction,  and  about  2.4  gallons  of  gasoline  are  thus  recovei 
from  the  gases  of  a  ton  of  shale  retorted.  From  the  scrubbers  i 
scrubber  oil,  containing  the  dissolved  gasoline,  flows  to  continue 
steam  stills,  in  which  the  gasoline  is  distilled  from  the  oil.  T 
latter  is  then  cooled  and  reused  for  scrubbing,  the  same  oil  bei) 
used  successively.  The  scrubbing  of  shale  gases  for  gasoline 
similar  to  methods  used  in  the  United  States  for  obtaining  gasoli) 
from  natural  gas  by  the  absorption  method.*' 

Sometimes  the  fan  is  placed  between  the  water  and  oil  scrubber 
but  usually  the  permanent  gases  pass  from  the  scrubbers  to  .the  f ai 
and  are  forced  under  low  pressure  into  the  large  header,  which  lead 
them  back  to  the  retorts  where  they  are  burned  as  fuel  in  th 
furnaces. 

PRIMARY  OR  CRUDE  PRODUCTS. 

At  this  stage  the  crude  products  obtained  are  permanent  gases; 
crude  oil,  with  which  may  be  included  scrubber  naphtha;  ammonia 
water  from  scrubbers  and  condensers ;  and  spent  shale. 

BHALE  GAS. 

Shales  treated  in  Scotland  in  1921  produced  about  9,800  cubic  feet 
of  gas  per  ton  retorted.  A  typical  analysis  of  the  gas  is  given  in 
Table  13. 


•■Dykema,  W.  P..  Recent  deirelopmc&ts  in  the  alieorpttoii  procett  for  recoTerinc  euolio« 
tfom  natural  gaa :  BuU.  176,  Bureau  of  Mines,  1919,  90  pi». 
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Tablb  18l— ryploai  oiiolyaM  of  gag  prodfused  to  retorikig  SeanUh  ott  tAoCfli 

GoDStittient :  P*r  cent 

Oarbm  dioxide  <CX).) 20.00 

Garbcm  monozide  (CO) J  4.28 

Hydjragei  (H,) 84. 21 

Methane   (CH«) 10.80 

Olefines  (C.H») a  08 

Oxygen  (0>) 6. 10 

Nitrogen  (Nt) 22. 


Total •  lOa  00 

Calorific  value,  gross,  802.5  British  thermal  units  per  cubic  foot 
Calorific  value,  net,  271.4  British  thermal  units  per  cubic  foot 

*Tbe  gas  always  contains  a  trace  or  more  of  hydrogen  snlphide  (H9S). 

OBUDE  OIL. 

Crude  oil  obtained  from  the  shale  now  being  worked  in  Scotland 
(1921)  amounts  to  about  24.5  gallons  of  oil  (including  2.4  gallons  of 
scrubber  naphtha)  per  ton  treated.  The  crude  has  a  specific  gravity 
varying  from  0.870  to  0.895  (31.1  to  26.6°  A.  P.  I.)  and  a  setting 
or  congealing  point  of  about  84*^  to  91®  F. 

The  oil  is  green,  greenish  brown,  or  brown,  and  is  a  complex  mix- 
ture of  organic  compounds.  (See  p.  88.)  It  has  a  peculiar  odor, 
faintly  resembling  garlic,  but  not  particularly  disagreeable. 

AMMONIA   WATKK. 

The  ammonia  water  from  the  condensers  and  scrubbers  has  a  yel- 
lowish color,  and  usually  has  an  odor  of  pyridine  or  quinoline.  In 
addition  to  dissolved  ammonia  it  contains  fixed  nitrogen-containing 
compounds,  such  as  pyridines,  cyanides,  and  the  like.  In  1919  the 
shale  treated  in  Scotland  produced  about  35.7  pounds  of  anmionium 
sulphate  per  short  ton.  This  represents  about  60  per  cent  of  the  total 
nitrogen  in  the  raw  shale. 

SPENT   SHALE. 

The  spent  shale,  or  residue  from  the  retorts,  which  amounts  to  75  or 
80  per  cent  of  the  weight  and  125  per  cent  of  the  volume  of  the  raw 
shale  treated,  has  no  value.  Its  removal  involves  an  expense,  and 
often  land  on  which  to  dump  it  must  be  leased.  All  the  Scottish 
plants  are  marked  by  immense  spent-shale  dumps  or  ''  bings."  (See 
PL  X.) 

Small  particles  of  spent  shale  are  black,  because  of  their  fixed 
carbon ;  large  pieces  are  bluish  white  on  the  edges,  where  the  carbon 
has  becm  completely  removed.  The  fixed  carbon  in  the  spent-shale 
dump  sbwly  oxidizeS)  and  the  small  amount  of  iron  present  chuiges 
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from  the  ferrous  to  the  ferric  form ;  thus  the  color  of  the  hing  slowly 
changes  from  grayish  black  to  a  reddish  color,  and  because  of  these 
reactions  the  dumps  remain  warm  and  give  off  an  unpleasant  odor. 
Spent  shale  has  been  tried  for  road  and  brick  making  in  Scotland, 
but  with  poor  results.  The  colloidal  properties  of  the  silica  in  the 
shale  have  been  destroyed  by  the  heat  of  the  retort,  consequently  spent 
shale  has  no  value  for  making  brick  even  when  it  is  oxidized 
as  the  binding  properties  of  the  clay  are  entirely  destroyed. 


TUCLD  OF  PRODUCTS. 


Table  14  shows  the  crude  or  primary  products  yielded  ^^  1  ton 
of  Scottish  oil  shale  of  the  kind  treated  in  1919  (retorted  with  100 
gallons  of  water,  as  steam) . 

Tabs  14. — Crude  products  from  1  ton  of  Scottish  oil  shale  (1919). 


Product. 


Oa.« 

Grade  oil  a 

AmmonlB  water  ft 


Spent  shalB. 


Quantity. 


9^  cubic  feet . 

24.5  gallons 

35.7  pounds 


1,500-1,600  pounds. 


Properties. 


Heat  value  270  B.  t.  u.  per 

cubic  foot. 
Specific  gravity  0.860;  setting 

point  86*  F. 


Disposal. 


Used  asftid  in  retort  fkimaces. 
Sent  to  refinery. 

Sent  to  solphata  plant  Ibr 
i-n^iritig  unmoniain  sol- 
phate. 

Dumped  as  waste. 


•  The  crude  oil  includes  scnibber  naphtha.  The  crude  and  scrubber  naphtha  are  not  ordinarily  mixed 
and  are  kept  separate  during  reftnins  operations.  If  mixed  In  proper  proportiom;,  however,  tbe  spedJk 
(ravlty  of  the  mixture  is  as  given.    The  specLflc  gravity  of  the  erode  oil  alone  is  about  0.886. 

»  SzpieiMd  in  terms  of  equivalent  (NH4}iS04. 

BEPIKINQ  SHAIiE  OIL. 

The  refining  of  shale  oil  in  Scotland  resembles,  in  general  prin- 
oiples,  the  refining  of  petroleum  in  other  parts  of  the  world  but  is 
more  involved  than  the  equivalent  refining  of  petroleum,  because 
sh&le  oil  is,  chemically  speaking,  more  reactive  than  the  average 
petroleum,  and  it  contains  a  greater  percentage  of  those  substances 
that  must  be  removed  in  refining  to  produce  marketable  products. 
Shale  oil  refining  is  more  costly  than  petroleum  refining,  chiefly  be- 
cause of  this  difference  in  the  composition  of  the  two  oils. 

The  most  valuable  product  derived  from  Scottish  shale  oil  has 
always  been  paraffin  wax.  Therefore  conditions  for  retorting  the 
oil  shales  are  such  as  will  produce,  within  economic  limits,  an  oil 
containing  the  maximum  amount  of  wax,  and  refining  operations 
are  such  as  will  produce,  as  cheaply  as  possible,  the  muTifn^ini 
amount  of  mftrketable  wax  from  the  crude  oil. 

A  Scottish  shale-oil  refinery  differs  from  the  ordinary  American 
petroleum  refinery  of  equal  capacity  in  having  (1)  a  much  greater 
number  of  small  stills,  a  large  proportion  of  which  are  intermit- 
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tent  or  batch  stills;  (2)  a  greater  number  of  small  and  often  hori- 
zontal agitators;  (3)  an  extraordinarilj  large  wax  plant;  (4) 
a  separate  condensing  tank  for  each  still;  and  (5)  most  of  the 
oil  in  various  stages  of  refining  is  handled  by  compressed  air  in* 
stead  of  pumps.  This  necessitates  the  use  of  strong  horizontal 
cylindrical  tanks,  many  of  them  on  the  ground  level.  Another  dif- 
ference noticeable  to  ibB  petroleum  refiner  is  the  absence  of  ^  look 
boxes"  for  watching. the  flow  of  distillates  in  the  delivery  lines 
from  condensers.  The  streams  of  distillates  are  always  in  sight, 
however,  as  they  flow  from  the  condensers  to  the  distributing  lines. 
Plate  XI  ^ves  a  general  view  of  the  distillation  plant  of  a  Scottish 
shale-oil  refinery. 

Yexy  little  is  known  regarding  the  actual  chemical  composition 
of  shale  oils  (p.  88).  They  contain,  however,  a  large  percentage 
of  compounds  that  must  be  removed  before  the  products  are  of 
commercial  grade.  Probably  most  of  these  compounds  are  mem- 
bers of  the  various  unsaturated  series  of  hydrocarbons,  phenols,  and 
the  like,  and  various  nitrogen-containing  bodies,  such  as  homologues 
of  pyridine.  Although  the  effort  is  made  to  fix  as  much  as  possible 
of  the  nitrogen  of  the  shales  as  ammonia,  yet  imdoubtedly  the  crude 
oil  contains  a  considerable  percentage  of  nitrogen  compounds. 
This  is  evidenced  by  the  fact  that  a  10  per  cent  sulphuric  acid 
solution  will  remove  about  10  per  cent  of  the  volume  of  the  crude 
oiL  The  objectionable  substances  mentioned  are  removed  by  treat- 
ment with  sulphuric  acid  and  caustic  soda  or  soda  ash,  so  most  of 
the  refinery  loss  is  in  the  form  of  acid  and  alkali  tars  and  sludges. 
Because  of  the  high  percentage  of  objectionable  compounds  acid 
and  alkali  treatments  are  more  numerous  than  in  ordinary  petroleum 
refining,  and  redistillations  of  unfinished  products  are  more  frequent. 

Plate  XIII  gives  the  ordinary  procedure  at  a  shale-oil  refinery.'* 
The  chart  shows  that  the  crude  products  of  shale  distillation  are 
ammonia  liquor,  crude  oil,  gas,  and  spent  shale.  The  gas,  as  before 
mentioned,  is  scrubbed  for  ammonia  and  naphtha,  and  the  scrubber 
oil,  containing  the  naphtha,  is  distilled  and  crude  naphtha  recovered 
therefrom.  The  crude  naphtha  is  then  treated  with  acid  and  alkali 
and  redistilled,  giving  various  grades  of  finished  naphtha  and  still 
bottoms,  which  are  added  to  the  crude  burning  oil  from  the  crude. 

The  crude  oil,  as  Plate  XIII  shows,  is  first  distilled,  giving  (1) 
coke,  (2)  a  crude  distillate  (green  oil),  and  (3)  crude  naphtha. 
The  naphtha  is  treated  with  acid  and  soda,  and  yields  (4)  several 

•*  Some  of  the  terms  used  in  refinery  xirocedare  to  describe  the  oils,  snch  as  "  blue  oU  ** 
and  **  gvsea  oU,*'  date  ffiom  the  time  of  the  first  shale-oil  refinery,  that  of  Young,  when 
much  secrecy  was  thrown  around  the  industry.  Tbese  and  Tf«»<|yr  terma  weee  uaed  to 
mlalead  the  curioua. 
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finished  naphthas,  and  (5)  bottoms,  which  are  added  to  the  crude 
burning  oil  fraction  of  the  green  oil. 

The  green  oil  (2)  is  treated  with  acid  and  soda  and  again  distilled, 
yielding  (1)  coke,  (6)  crude  burning  oil,  to  which  is  added  (5) 
bottoms  from  crude  naphtha  distillation,  and  (7)  heavy  oil  con- 
taining paraffin  wax.  The  crude  burning  oil  (6)  is  chemically 
treated  and  fractionated  into  (8)  motor-boat  oil  (a  distillate  fuel 
for  internal-combustion  motors  of  the  Diesel  type),  burning  oH  (9), 
and  light  gas  or  distillate  fuel  oil  (10).  Burning  oil  (9)  is  again 
treated  and  yields  the  finished  lamp  oil  or  kerosene  (11).  The 
heavy  oil  carrying  paraffin  wax  (7)  is  cooled  in  refrigerators,  pressed 
in  filter  and  hydraulic  presses,  and  yields  blue  oil  (12)  and  hard 
paraffiba  scale  (13),  which  is  mixed  with  soft  scale  (22),  obtained  in 
further  processing  of  the  blue  oil.  The  hard  scale  (18)  is  sweated  in 
sweating  houses  (Pi.  XV)  and  yields  an  oil  (14)  which  is  added  to 
the  green  oil  (2),  or  crude  distillate;  wax  mixed  with  strainings 
(15),  which  is  added  to  more  hard  scale  (13),  and  again  sweated: 
and  various  grades  of  waxes  (16),  which  are  melted  and  filtered,  or 
treated  with  fuller's  earth,  after  which  they  are  ready  for  the  market 

The  blue  oil  (12)  is  treated  with  acid  and  alkali,  and  subsequently 
distilled  to  coke,  yielding  finished  heavy  burning  oil  (19),  light  gas 
oil  (18),  heavy  gas  oil  (17),  unfinished  lubricating  oils  (20),  and 
coke  (21) .  A  residual  oil  is  also  obtained  and  used  in  making  greases. 
The  heavy  gas  oil  (17)  is  separately  cooled  and  pressed,  yielding  fin- 
ished gas  or  fuel  oil  (24)  and  soft  scale  (22) ,  or  wax,  which  is  sweated, 
the  final  product  being  miners'  wax  (23) ;  or  the  soft  scale  (22)  is 
mixed  with  hard  scale  for  the  production  of  finished  wax.  The  un- 
finished lubricating  oils  (20)  are  also  separately  treated  in  a  similar 
manner,  yielding  like  products,  and  lubricating  oils  (25),  which  are 
again  treated  with  acid  and  alkali  before  being  ready  for  the  market 

The  diagram  and  description  are  necessarily  brief,  and  not  entirely 
complete,  as  fractions  often  overlap;  for  example,  fractionation  of 
the  crude  burning  oil  yields  a  certain  amount  of  heavy  naphtha  or 
gasoline,  which  is  added  to  the  naphtha  previously  obtained. 

The  scrubber  naphtha  is  handled  separately,  as  may  be  noted  on 
the  diagram.  On  fractionation,  however,  it  yields  still  bottoms, 
which  are  added  to  the  crude  burning  oil. 

Figure  3  shows  diagrammatically  the  process  of  refining  shale  oil 
and  indicates  the  approximate  percentage  of  products  yielded  from 
a  ton  of  shale.  The  rectangles  are  intended  to  be  in  proportion  to 
the  yields.  •*  Plate  XII  is  a  view  of  the  largest  oil-shale  retorting 
plant  in  Scotland,  and  Plate  XIV  shows  the  typical  layout  of  a  com- 
plete retorting  and  refining  works. 

•*  The  writer  in  indebted  to  Mr.  H.  M.  Cadell  for  permissioD  to  uBe  tbls  diacram. 
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NOTES  ON  REFINING. 

1.  The  crude  oil  is  settled  in  tanks  for  12  to  18  hours  to  separate 
water  and  shale  dust  before  being  run  to  th»  stills. 

2.  In  the  more  modem  refineries  a  combination  of  continnoos  and 
batch  stills  is  used  for  fractionations.    Some  arrangement  such  as 


described  below  is  often  used.  The  center  still  of  a  battery  of  five 
stills  receives  the  oil  and  removes  the  Ughest  fraction.  From  this  stiU 
the  residue  flows  into  similar  stills  on  each  side,  which  remove  heavier 
fractions.  These  stills  in  turn  feed  to  two  more,  where  another  frac- 
tion is  removed.  These  finally  deliver  the  residuum  into  heavy  cast- 
iron  pot  or  coking  stills,  operating  intermittently.  Each  battery 
of  five  continuous  stills  has  six  or  more  of  the  pot  stills,  of  which 
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three  or  more  are  on  each  side  of  the  continuous  battery.  The  final 
continuous  still  discharges  into  one  pot  still  until  the  latter  is  full 
and  the  stream  is  then  switched  to  a  second  pot  still  and  the  oil  is 
the  first  is  distilled  down  to  coke.  Meanwhile  a  third  pot  still  is  cool- 
ing and  being  cleaned  of  coke,  making  ready  to  receive  residuum 
from  the  continuous  battery  when  the  second  pot  still  has  filled  up. 
The  coke,  amounting  to  about  2  per  cent  of  the  crude,  is  sold  as 
fuel  or  is  used  for  the  manufacture  of  arc-light  carbons,  electrodes, 
and  the  like  (see,  however  p.  86).  In  many  refineries  the  con- 
tinuous battery  consists  of  three  stills  instead  of  five.  Sometimes 
only  batch  or  pot  stills  are  used  in  refining  the  oil. 

3.  Steam  is  admitted  to  the  bottom  of  the  stills  during  all  distil- 
lations. The  quantity  used,  as  condensed  water,  amounts  to  10  to 
25  per  cent  of  the  total  distillate  and  averages  20  per  cent.  Part  of 
the  steam  is  the  exhaust  from  the  power  plant.  In  some  plants  heat 
exchangers,  set  in  the  still  vapor  lines,  are  used  to  heat  ingoing  oil 
Steam  is  passed  into  the  stiU  for  three  hours  after  the  fire  has  been 
drawn.  The  only  exception  to  the  use  of  steam  is  in  the  pot  stills 
for  a  period  just  before  coking  takes  place.  Thus  a  "  cracking  "  of 
the  oil  is  brought  about,  which  increases  the  yield  of  paraffin  wax. 
The  amount  of  steam  used  varies  with  the  nature  of  distillate 
being  produced,  and  is  usually  greatest  when  the  heavier  fractions 
are  coming  over. 

4.  Gases  evolved  in  the  distillations  are  scrubbed  for  light  oik, 
and  are  either  used  as  fuel  for  heating  retorts  or  stills  or,  on  account 
of  their  high  illuminating  and  calorific  value,  for  lighting.  Gas  from 
the  stills  amounts  to  more  than  1  cubic  foot  per  gallon  of  crude 
treated. 

5.  The  bottoms  of  the  pot  stills  are  of  cast  iron  and  are  hem- 
isphericaL  The  casting  is  about  2  inches  thick.  The  cast-iron  part 
is  usually  8|  feet  in  diameter  at  the  top  and  3|  to  4^  feet  deep. 
The  upper  part,  of  steel,  is  of  the  same  diameter  and  6  feet  high. 
Each  still  of  this  size  has  a  water-cooled  condenser  of  225  feet  of 
4-inch  cast-iron  pipe,  and  charges  about  2,400  gallons  of  oil.  The 
time  taken  in  charging,  distilling,  cooling,  and  cleaning  is  2d^  to  30 
hours.  The  bottoms  of  the  stills,  with  miiior  repairs,  last  about  a 
year.    A  new  bottom  can  be  put  on  without  much  difficulty. 

The  continuous  stills  are  of  the  horizontal  boiler  type,  usually  SJ 
ieet  in  diameter  and  30  feet  long.  Their  condensers  are  water  cooled 
and  provide  about  850  feet  of  condensing  surface. 

6.  The  quantity  of  sulphuric  acid  used  in  refining  amounts  to 
about  3  per  cent  by  volume  of  the  crude  oil.  The  strength  of  the 
acid  is  about  66®  B.  (93  per  cent  H2SO4).  Some  of  the  refineries 
have  their  own  acid-making  plants.  Agitators  for  partly  refined 
products  are  small;  few,  if  any,  charge  more  than  6,000  to  7,000 
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gallons  of  oil.  The  crude  difitUlate  (green  oil)  is  treated  in  larger 
agitators,  which  charge  as  much  as  50,000  gallons.  Agitation  is 
usually  by  compressed  air.  Acid  of  proper  strength  and  propor- 
tion is  usually  added  in  batches,  or  sometimes  all  at  once,  and  agi- 
tated 15  minutes  to  an  hour.  Tar  is  allowed  to  settle  for  2  to  18 
hours,  depending  upon  the  grade  of  oil  under  treatment — ^the  average 
being  about  6  hours.  The  acid-treated  oil  is  then  run  to  soda  agi- 
tators and  similarly  treated  with  a  solution  of  caustic  soda  or  soda 
ash.  The^  oils  are  not  water  washed  before  distillation.  Caustic 
soda  is  more  commonly  used  than  soda  ash. 

It  is  impossible  to  discuss  in  detail  the  quantity  and  strength 
of  chemicals  used  in  treating  the  different  oils,  since  these  factors 
differ  for  nearly  every  fraction.  An  acid  tar  from  one  treatment 
is  often  used  as  the  first  acid  batch  in  the  treatment  of  another  oiL 
Also  dilute  acid  recovered  from  the  acid  tars  is  frequently  used 
in  tareating.  The  strength  of  the  sulphuric  acid  used  for  various  oils 
and  in  various  stages  of  refining  varies  from  40  to  66^  B.  (48  to 
93percentH;S04). 

About  H  per  cent  by  weight  of  crude  caustic  soda,  or  its  equiva- 
lent in  soda  ash,  is  used  in  treating  and  refining;  thus  about  11 
pounds  of  caustic  is  used  per  100  gallons  of  crude  oil.  Certain 
distillations,  especially  of  heavy  oils,  are  made  over  caustic  soda. 
The  strength  and  the  quantity  of  alkali  solution  used  in  treating 
vaiy  with  the  nature  of  the  fractions  under  treatment;  the  spe<?ific 
gravity  of  the  solution  ranges  from  1.01  to  1.38.  Soda  tars  frpm 
one  treatment  are  frequently  used  in  treating  another  oil. 

7.  Acid  tars  are  recovered,  washed,  and  steamed  to  recover  free 
acid.  In  this  way  50  to  60  per  cent  of  the  acid  used  in  making 
ammonium  sulphate  is  obtained.  The  acid-free  tars  as  well  as  the 
soda  tars  are  used  as  fuel  under  the  stills.  The  tars  or  sludges  ob- 
tained in  refining  amount  to  about  16  per  cent  of  the  crude  treated. 

8.  Just  before  distillation  ceases  in  the  coking  stills  a  small 
amount  of  chyrsene,  a  peculiar  reddish  product  like  resin,  is  ob- 
tained. It  is  not  further  purified  except  to  float  off  water  and  oil 
adhering  to  it.  It  is  usually  considered  a  loss,  but  is  sometimes  used 
in  laying  wooden  paving  blocks. 

9.  Particular  attention  is  paid  to  the  recovery  and  treatment  of  the 
paraflSba  wax.  The  methods  now  generally  used  are  largely  the  in- 
ventions of  James  Bryson,  of  the  Pumpherston  company,  and  the 
late  N.  M.  Henderson,  of  the  Broxburn  Oil  Co.  (Ltd.).»»  The 
method  varies  somewhat  in  different  plants  but  is  essentially  as 
follows  :•• 

"Bnglidi  patents  0557  (1884),  1291  (1887),  and  11709  (1891). 

**Thi8  method  la  followed  all  OTer  the  world  generally  by  petrolenm  refiners  wbo  owe 
nniefa  to  tlM  Scotdili  oU-atuOe  Industry  ta  tbls  and  otber  feataree  of  petroleam  refining. 
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The  heavy  oil  is  cooled  in  tanks  in  open  sheds  and  subsequently  by 
freezing  machines,  usually  of  the  ammonia  absorption  type,  or 
compressors  with  anhydrous  ammonia,  operating  with  calcium  chlo- 
ride brine.  Some  coolers  are  directly  cooled  with  anhydrous  am- 
monia, notably  those  at  the  Pumpherston  and  Oakbank  works,  where 
compressors  are  used.  Cooling  takes  place  slowly  to  preserve  the 
crystalline  structure  of  the  wax  as  well  as  possible.  The  chilled 
mass  of  paraffin,  now  a  pasty  mixture  of  wax  and  oil,  is  then  pumped 
into  filter  presses,  which  are  in  refrigerated  rooms.  As  a  rule,  low- 
pressure  filters  are  used,  so  the  wax  cakes  from  these  filters  are  tSien 
pressed  in  cloths  in  hydraulic  presses,  after  which  the  wax  is  termed 
**  hard  scale."  The  oil  separated  from  the  wax  is  the  "  blue  oil " 
mentioned  on  page  80.  The  scale  is  now  melted  and  run  on  strainers 
of  rather  fine  screen  in  long  shallow  trays.  The  wax  is  floated  in  the 
trays  by  water,  but  when  it  cools  and  solidifies  the  water  is  run  off, 
leaving  the  cake  of  wax  on  the  screen.  The  trays  are  built  in  special 
houses  (sweating  stoves),  heated  with  steam  coils,  and  then  these 
houses  are  closed  and  sweating  is  begun.  The  temperature  is  raised 
80  high  that  the  oil  and  soft  paraffin  melt  and  run  away  from  the 
harder  wax,  until  the  latter  has  the  desired  purity  and  melting  point 
The  wax  remaining  on  the  trays  is  then  melted  by  direct  steam  and 
run  to  filters,  filled  with  boneblack  or  fuller's  earth.  The  sweatings 
are  rerun  for  softer  or  lower  melting-point  wax. 

Henderson  also  designed  a  sweating  apparatus  which  is  said  to  be 
an  improvement  on  the  tray  types.  This  apparatus  consists  of  sev- 
eral vertical  cylinders  9  feet  high  and  17  inches  in  diameter,  within 
each  of  which  is  a  cylinder  7  inches  in  diameter,  open  at  top  and 
bottom.  The  warm  wax  is  run  into  the  space  between  the  two  cylin- 
ders and  floated  on  water  until  it  has  solidified.  The  water  is  then 
run  off  and  the  cylinder  slowly  heated  as  in  the  other  types  of 
sweaters. 

In  the  early  history  of  the  Scottish  oil-shale  industry  many  proc- 
esses were  proposed  and  used  for  the  recovery  and  treatment  of 
wax.  All  these  improvements  were  intended  to  insure  better  and 
cleaner  recoveries  and  to  lessen  plant  and  labor  costs.  The  Bryson 
type  of  coolers  and  Henderson's  sweating  stoves  have  practically 
superseded  all  other  types.  They  are  used  in  the  United  States  and 
elsewhere  under  different  names.  Plate  XV  illustrates  a  typical  in- 
stallation of  sweating  sheds  in  a  shale  plant. 

Much  of  the  wax  produced  by  the  shale  operators  is  made  directly 
by  them  into  candles,  but  the  larger  part  is  sold  in  bags  or  slabs  to 
independent  candle  makers. 


HISTORY  OF  THB  OIL-SHAI^  INDUSTRY.  86 

TUBLD  or  PRODUCTS. 

Early  in  the  history  of  the  industry  certain  products  were  made 
and  a  market  was  created  for  them,  and  since  then  the  operators 
have  not  striven  greatly  to  make  others.  In  fact,  really  little  is 
known  as  to  the  possibilities  of  making  products  other  than  those 
now  being  made.  With  a  definite  market  for  their  products,  the 
operators  strive  to  make  a  crude  oil  that  will  yield  the  maximum  of 
these  products  at  lowest  cost.  Conditions  have  been  fixed  for  pro- 
ducing such  a  crude  oil,  and  it  is  known  that  if  retorting  conditions 
different  from  these  were  applied  a  less  satisfactory  crude  would  be 
made,  resulting  in  a  smaller  yield  of  refined  products. 

In  1919  the  average  yield  of  refined  products  from  typical  Scottish 
crude  shale  oil  was  about  that  shown  in  Table  15,  following : 

Tablb  15. — Yield  of  refined  products  from  Scottish  shale  oil  in  1919. 

Yi«ld,  per  centt 
Products: 

Naphtha    (gasoline),    inclnding  scrubber   naphtha,    maximum   end 

point  450*  F 9. 0 

Illuminating  and  burning  oils 24. 8 

Oas  and  fuel  oils 24. 4 

Lubricating   oils , a  6 

Paraffin    wax  • 9. 5 

StiU  coke 2. 0 

LcMBS  * 22. 8 

Total 100. 0 


•  The  quantity  of  wax  of  various  melting  points  recovered,  amoanta  to  about  17.7  pounds 
or  2.4  gallons  per  ton  of  shale,  or  9.6  gallons  of  wax  obtained  from  100  gallons  of  crude  oil. 
»  LoM  indodes  efaryaene,  tars,  and  permanent  gases. 

The  products,  marketed  under  various  trade  names,  are : 

1.  Gasoline  and  naphtlias. — These  (sold  in  three  or  four  grades) 
are  usually  motor  spirits,  cleaners'  naphtha,  and  solvent  naphtha. 

2.  Burning  oils. — ^A  good  illuminating  oil  for  domestic  lamps  is 
made,  also  oil  specially  prepared  for  burning  in  lighthouses,  railway 
signal  lamps,  and  marine  and  agricultural  oil  engines. 

3.  Intermediate  oils  {gas  and  fuel  oils). — In  this  class  are  oils  used 
for  fuel  purposes  and  for  making  and  enriching  gas.  Much  of  this 
oil  is  sold  as  fuel  for  Diesel  and  semi-Diesel  engines. 

4.  Lubricating  oUs. — ^Usually  lubricating  oils  of  three  different 
specific  gravities  are  made,  all  of  which  have  low  viscosities.  They 
are  usually  sold  unblended,  but  are  sometimes  mixed  with  animal  or 
vegetable  oils. 

5.  Parafin  wax. — ^This  is  used  in  making  various  kinds  of  candles 
and  tapers.  It  also  finds  a  use  in  the  manufacture  of  matches,  ex- 
plosives, waterproof  coating,  impregnated  paper,  etc 
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Still  coke. — ^In  addition  to  the  aboire  prodacts,  still  co<- 
and  is  sold  as  a  fueL  The  coke  from  soda-treated  oils  is  o  :.:_ 
with  soda  salts  (some  distillations  are  made  over  soda  solu: 
is  usually  not  pure  enough  to  be  used  for  purposes  other  l 
requiring  a  high-grade  fueL  Coke  made  in  the  primary  .~. 
tillation  and  in  certain  other  distillations  is  pure  enough  :: 
for  making  electric-furnace  electrodes  and  the  like. 

Soda  and  acid  tan. — ^Inasmuch  as  these  are  used  as  fu- 
refineries,  they  can  also  be  considered  products,  although  th :; 
marketed.    Formerly  they  were  sold  for  grease  making.    A  - 
oUj  often  recovered  in  rerunning  the  lubricating  fractiorr 
for  grease  making. 

CHABACTER  OF  FBODUCTS. 

In  Table  16  is  given  the  properties  of  some  of  the  refined  * 
from  Scottish  shale  oiL  Some  of  this  information  was  obt 
'operators,  the  remainder  from  tests  made  by  the  author  or 
obtained  from  Scotland.  For  purposes  of  comparison,  th. 
tion  table  of  two  typical  American  gasolines,  meeting^  the  1^^ 
cations  of  the  United  States  Grovemment  Ckunmittee  on  Star 
tion  of  Petroleum  Specifications  ^  is  included  in  the  table, 
lar  attention  is  called  to  the  homogeneity  of  the  shale-oil ; 
as  shown  by  distillations. 

Table  IS. — Propertiea  of  Scottish  thale-oU  products. 


a,- 


Sp<>dfi<'  KTavitv 

Gnivity.  *»A.  P.I 

Flu'b  point,  °F 

Distillation  b  first  drop.  "C, 
Per  cent; 

10 

20 

30 

40 

:/) 

PO 

70 

K) 

90 

ft6 

Dry  c 

Viscosity 

Betting  point,  °F 


Motor 
spirit - 


0.720 
65.0 


£2 

75 
81 
86 

97 
1(0 
106 
117 
134 


147 


Napb 
ttia. 


a742 


71 

t6 
103 

109 

m 

122 
129 
137 
148 
162 


180 


Born- 
iBgott. 


a7W 

48.6 

103 

ISO 

in 

w 

196 


213 
221 
231 
241 
261 
278 
285 


Fuel 
oO. 


a863 
815 

240 


294 


312 
894 
336 
844 

t78 


382 


LabricattnT 
oils. 


0.899 
2S.0 

360 
270 

336 
8S6 

800 
382 
864 


870 
373 
'J77 


384 
*215 

26 


a89i3 

27.0 
334 

22S 

299 


337 
346 
3S2 
360 

370 
372 
376 


378 

'140 

25 


6«e  Teoh.  Pap«r  214, 1990, 88  pp.    Samplas  meet  OoteninMot  spt 


•  Borean  of  MineB  method 
< 11920. 

h  Engler-XTbb^olde  method  oa  100  «.  o. 

c  Losses  not  giTSo. 

d  Redwood  St  70*  F.— 215  Redwood  oorrespoiida  to  sboot  S58  flaifbolt  ITiiivenal  ud  iti  f 
106  Siorbalt  UoiywMU   8eealaoT»blel8(p.88)foroomp«ntlTedMeQQ  vlaoosittei. 

I 

Table  17  is  quoted  from  a  Scottish  authority  as  represent 
properties  of  average  samples  of  the  usual  products  from  8 
shale  oil.  | 

•V  Report  of  Committee  on  Stutdftrdintloii  of  ntjmlouii  Speelicotlotte:  M 
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X*^BLje  n. -^Properties  of  average  Scottish  shal^-oil  products.* 


PrMluct. 


It 

apntha. 


water-wbite  oU. 


linf?  oil 

«  oil 

marine  sperm. 


as  oil 


aUyClMQiBg«U. 


Specific 
gravity. 


.715 
.735 
.740 
.785 
.800 
.805 
.810 
,890 
.810 
.855 
.870 
.805 
.875 
.885 
.8&6 


Flash 
point 


(«) 


100-120 
115-125 
110-135 
145-160 
200>230 
220-240 
200>230 
275-300 
275-300 
300-310 
320-340 
330^350 


TintNa 

500  glass 

Lovl- 

bcnd 

2-ioch 

ceU. 


a5 
.75 
LO 
2.0 
&0 


15 

18 

9  15 

9  It 


BoiUng 
point 


120-300 
140-320 
180-380 

sio-ax) 

340-575 
310-580 
390-573 
4G0-«75 
500-700 
450-710 
500-720 
CT5-710 
67.5-^00 
650-870 
720-875 


Viscos- 
as.' 


44 
47 
55 

70 


rt,  I>.  R.,  The  nil  shales  of  the  Lothlans.    Part  III.    The  chemistry  of  the  oil  shales:  Memdr 

vey  SCQtIan<1,  2d  ed.,  1912,  p.  191. 

apparatus— closed  cup  for  lisht-buraing  oils,  open  cup  for  others. 

tbljr  KBgler-Ubblehoide  method. 

sixnettf  nec  specUtod.    Companies  in  1912  each  had  own  standard  viscosity  pipetto. 

st  temperature. 


udMnefa  eeO. 


wording  to  Steuart,*'  60  to  70  per  cent  of  the  naphthas  can  be 
red  by  treatment  with  fuming  nitric  or  sulphuric  acid.  In  re- 
;,  however,  the  strength  and  quantity  of  acid  used  is  so  ad- 
I  that  although  all  highly  unsaturated  compounds  are  removed 
ulk  of  the  olefins  remain  in  the  finished  products.  This  also 
es  to  products  other  than  naphtha.  On  testing  a  Scottish  shale 
T  spirit  for  unsaturation,  by  the  method  used  by  the  Bureau  of 
3,»*  the  writer  found  that  22  per  cent  of  the  oil  was  removed 
Iphuric  acid  (sp.  gr.  1.84).  Shale  naphtha  has  been  shown  to 
in  benzene  and  toluene.*'  B.  Steuart^  found  the  naphthenes, 
^1-tetramethylene,  pentamethylene,  and  hexamethylene,  in  shale 
tha.  Heusler,*  in  addition,  found  metaxylene  and  cumene  in 
ame  product. 

e  specific  gravities  of  the  shale  naphthas  range  from  0.700  to 
(70.6  to  57.2**  A.  P.  I.)  or  more. 

BURNING  on:^ 

le  burning  oils  are  colorless,  especially  those  prepared  for  do- 
ic  kerosene  lamps.     The  heavier  oils  may,  however,  become 

tenart,  D.  R,  Work  cited,  p.  190. 

ean,  B.  W.,  and  Hill.  H.  H..  Th«  detenniiiatloD  of  noMtiiraUon  in  gaaoUne :  Tech. 

181,  Bnrean  of  Uloes,  1919,  20  pp. 

euart,  B..  Contribution  to  the  composition  of  ahale  Daphtha :  Jonr.  Soc.  Chem.  Ind., 
9,  1900,  pp.  986-989. 
eufller,  F.,  Ober  der  ZoBammensetsang  der  adiottlscbe  SchleCertboeorOle :  B«r.  Oeat. 

GcaellM  Jahrs.  30,  1897.  pp.  2748-2752. 
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Siin  coke. — ^In  addition  to  the  above  products,  still  coke  is  made 
and  is  sold  as  a  fuel.  The  coke  from  soda-treated  oils  is  contaminated 
with  soda  salts  (some  distillations  are  made  over  soda  solutions)  and 
is  usually  not  pure  enough  to  be  used  for  purposes  other  than  those 
requiring  a  high-grade  fuel.  Coke  made  in  the  primary  crude  dis- 
tillation and  in  certain  other  distillations  is  pure  enough  to  be  used 
for  making  electric-furnace  electrodes  and  the  like. 

Soda  and  acid  tara. — ^Inasmuch  as  these  are  used  as  fuels  in  the 
refineries,  they  can  also  be  considered  products,  although  they  are  not 
marketed.  Formerly  they  were  sold  for  grease  making.  A  residual 
oUj  often  recovered  in  rerunning  the  lubricating  fractions,  is  used 
for  grease  making. 

CHAKACTER  OF   FRODUCTrS. 

In  Table  16  is  given  the  properties  of  some  of  the  refined  products 
from  Scottish  shale  oil.  Some  of  this  information  was  obtained  from 
'operators,  the  remainder  from  tests  made  by  the  author  on  sample 
obtained  from  Scotland.  For  purposes  of  comparison,  the  distilla- 
tion table  of  two  typical  American  gasolines,  meeting  the  1920  specifi- 
cations of  the  United  States  Government  Committee  on  Standardiza- 
tion of  Petroleum  Specifications  *^  is  included  in  the  table.  Partica- 
lar  attention  is  called  to  the  homogeneity  of  the  shale-oil  products, 
as  shown  by  distillations. 

Table  16. — Properties  of  Scottish  sJiale-oU  products. 


Specific  gravltv 

Gravity,  •'A.  P.  I 

Flash  point,  "F 

Distillation  *  flrst  drop,  **C. 
Per  cent 

10 


20 

30 

40 

f.0 

w 

70 

K) 

90 

05 

Diy  e 

Viscosity. 

Setting  point, 


Motor 
spirit. 


0.720 
65.0 


52 

76 

m 

80 
92 
97 
102 
108 
117 
134 


147 


Naph 
tba. 


Burn- 
ing oU. 


Faei 

oa. 


a  742 
59.2 


71 

06 
103 
100 
116 
122 
129 
137 
148 
162 


lao 


0.799 

46.6 

103 

150 

173 
187 

196 
204 

213 
221 
231 
242 
261 
278 
285 


Labrlcatln? 
oUs. 


a863 

82.5 

240 

226 

266 
284 
294 
308 

312 
824 
336 
844 

«78 


382 


AuMrioui 


0.899 

2S.9 

360 

270 

336 
886 

360 
862 
864 
868 
870 
372 
5J77 


384 

i»215 

26 


0.803 

27.0 

334 

228 

299 
322 
337 
346 
352 
360 
37D 
Zf2 
376 


378 

4140 

25 


a  741 
8915 


87 
WO 
110 
120 
120 

ia» 

152 
108 
188 
204 
224 


6Ln» 


71 
91 

134 

14; 

144 

m 

313 
2B 
2Z» 


•  Bui«aa  of  Mines  method.    See  Teoh.  Paper  214, 1990, 88  pp.    Samples  meet  dutetuiaiut  mMoifloaliaB 

b  Eiigl«-tn>MllMild«  method  on  100  o.  o. 
e  Losses  not  glTSo. 

d  Redwood  at  70^  F.~215  Redwood  eorresponds  to  aboat  258  SaTbctlt  fiifefnl  and  140  Bedvood  Is 
165  Sajbott  UolTaiaal.   See  alio  Table  18  (p.  88)  for  oomperatiTe  data  on  visoosltiea. 

Table  17  is  quoted  from  a  Scottish  authority  as  repreaentiiig  the 
propertieB  of  average  samples  of  the  usual  products  from  Scottish 
shale  oil. 


v' Report  of  Committee  on  Staadardlsatloii  ol  PiotnlMmi  Spedicail 
1919,  8  P9. 
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Table  17. — Properiiea  of  average  Scottish  ihtM-oil  productM,* 


Frodaet 

Spedflc 
giavlty. 

Flaah 
point 

TintNa 

600  glass 

Lovi- 

bcnd 

2-inch 

ceU. 

BoiUng 
point 

Vlscm- 
seconas.^* 

Motor  spirit 

a  716 
.736 
.740 
.785 
.800 
.805 
.810 
,890 
.840 
.866 
.870 
.866 
.876 
.886 
.805 

8 

120-300 
140-320 
180-380 
310-500 
340-575 
310-580 
390-573 
460-676 
500-700 
450-710 
500-720 
675-710 
675-800 
650-870 
720-876 

Rolfit  or  naphtha , . . .    . 

(0 
"ioo^ia 

115-125 
110-136 
145-160 
200-230 
220-240 
200-230 
275-300 
275-^00 
300-310 
320^340 
330-350 

Do 

Spacial  oil  or  water-white  oil 

Gryvtaioil ^..^ 

N't- 1  himnlnsf  oil -- ,                 .... 

0.5 
.75 
LO 
2.0 
6.0 

T^iftatho^ise  «iJ - 

M(il«ral  O^  Tnarin«  ApArm „ , . ,             ^ 

Mineral colsa......' ..,.. .  .       j 

Gan  oil,  frmase  oil,  cleaiilng  «il 

T. «iMlr*^"g nil,  '.;...  " 

15 

18 

9  15 

9  16 

44 

Do...r. 

47 

Do 

56 

Do 

70 

•  Stonart,  D.  R.,  The  nil  shales  of  the  Lothians*    Part  III.    The  chemistry  of  the  oU  shales:  Memoir 
Ged.  Sarrey  Scotland,  2d  ed.,  1912,  p.  191. 

k  Abel  fl»>paretiis— closed  cup  (or  lisht-buming  oils,  open  cop  for  others. 

t  Probany  Bagler-tTbblehoiae  method. 

d  Viacoslmeter  not  specified.    Companies  in  1912  each  had  own  standard  viaoosity  pipette. 

•  Ixmest  tempentoxe. 
/Cdoriese 

9  One-balMneh  oeQ. 

NAPHTHA, 

According  to  Steuart,'*  60  to  70  per  cent  of  the  naphthas  can  be 
removed  by  treatment  with  fuming  nitric  or  sulphuric  acid.  In  re- 
fining, however,  the  strength  and  quantity  of  acid  used  is  so  ad- 
justed that  although  all  highly  unsaturated  compounds  are  removed 
the  bulk  of  the  olefins  remain  in  the  finished  products.  This  also 
applies  to  products  other  than  naphtha.  On  testing  a  Scottish  shale 
motor  spirit  for  unsaturation,  by  the  method  used  by  the  Bureau  of 
Mines,**  the  writer  found  that  22  per  cent  of  the  oil  was  removed 
by  sulphuric  acid  (sp.  gr.  1.84).  Shale  naphtha  has  been  shown  to 
contain  benzene  and  toluene.*'  B.  Steuart^  found  the  naphthenes, 
methyl-tetramethylene,  pentamethylene,  and  hexamethylene,  in  shale 
naphtha.  Heusler,*  in  addition,  found  metaxylene  and  cumene  in 
the  same  product. 

The  specific  gravities  of  the  shale  naphthas  range  from  0.700  to 
0.750  (70.6  to  57.2^  A.  P.  I.)  or  more. 

BTTBNINO  00.8. 

■ 

The  bumrng  oils  are  colorless,  especially  those  prepared  for  do- 
mestic kerosene  lamps.     The  heavier  oils  may,  however,  become 

"  Stenart,  D.  R,  Work  cited,  p.  190. 

**Dean,  B.  W./aod  Hill,  H.  H..  The  detennlnfltlon  of  nneatnratlon  in  gasoline:  Tech. 
Paper  IBl,  Bnreaa  of  Mines*  1919,  20  pp. 

*  Btenart,  B.,  Contribution  to  the  composition  of  shale  naphtha :  Jonr.  Soc.  Chem.  Ind., 
TOl.  19,  1900.  pp.  985-989. 

'  Reasler.  T..  t^ber  der  ^usammensetanng  der  scfaottiscbe  Schiefertheeor51e :  Ber.  Dent 
chem.  Oesel].,  Jabrg.  30,  1897,  pp.  2748-2762. 
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more  or  less  colored  on  exposure  to  sunlight.  Shale  naphthas  and 
burning  oils  are  characterized  by  a  strong  bluish  fluorescmce. 
From  30  to  40  per  cent  of  the  volume  of  the  oil  can  be  removed  by 
fuming  sulphuric  acid.  •  The  specific  gravities  of  the  burning  oik 
range  from  0.790  to  0.830  (47.6'*  to  39.0®  A.  P.  I.)  and  flash  points 
from  106  to  230°  F. 


INTEBMKDIATB  OILS— OA8  OILS,   CTC. 


The  intermediate  oils  are  used  extensively  in  gas  making  and 
for  fuel  in  internal-combustion  engines.  The  British  Navy  uses 
large  quantities  for  fueL  These  oils  are  also  sold  for  cleaning  pur- 
poses. Their  specific  gravity  varies  from  0.840  to  0.870  (37.0®  to 
81.1°  A.  P.  L). 


LUBBICATINO  OILS. 


The  lubricating  oils  can  hardly  be  considered  viscous  enough  for 
high-duty  work.  They  are  sometimes  blended  with  animal  or 
vegetable  oils,  although  most  are  sold  unblended.  The  specific 
gravity  of  the  lubricating  oils  ranges  from  0.865  to  0.910^  (32.1® 
to24.0®  A.  P.  I.). 

Table  18  below  will  be  found  of  interest,  as  it  gives  the  viscosities 
at  different  temperatures  of  various  American  lubricating  oils  par- 
ticularly adapted  for  use  in  internal-combustion  engines,  compared 
with  the  viscosities  of  a  Scottish  shale-oil  lubricating  oil  at  cor- 
responding temperatures. 

Table  18. — ViscotHies  of  petroleum  and  Scottish  shale  lulfricatinff  oU$  at 

vanotLs  temperatures. 


ou. 


Saybolt  viscosity 


40*  C 


WC. 


ICWC. 


EAstem  extra  heavy  motor 
Eastern  medium  motor. . . . 

Eastern  heavy  motor 

Eastern  light  motor 

Do 

Scottish  shale 


1,325 
£02 
326 
164 
132 
140 


451 

195 

136 

81 

71 

68 


108 
63 
53 
42 
41 
48 


PARAFFIN   WAX. 

Paraffin  wax  is  made  in  various  grades;  the  usual  melting  points 
are  130-132^,  125-127°,  118-120°,  110-112°,  and  98-102°  F. 

CHEMICAL  COMPOUNDS  FOUND  IN  SHALE  OIL. 

Comparatively  little  is  known  of  the  chemical  constituents  of  shale 
oil;  however,  its  composition  varies  with  the  nature  of  the  shale  from 

•Steuart,  D.  R.,  The  otl  «haleR  of  the  l^othiUuw.     Part  III,  The  chemistry  of  the  oil 
■hales :  Memoir  Geol.  Suryey  Scotland.  2d  ed..  A9JL2.  fip.  lai-i^Z 
*J9teaart.  D.  B,,  Work  dted.  p.  193. 
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^vliich  it  was  obtained  and  with  the  method  by  which  it  was  produced. 
Inasmuch  as  shale  oil  is  produced  by  destructive  distillation  of  sub- 
stances that  undoubtedly  differ  in  different  shales,  this  is  self-evident. 
Some  studies  of  the  composition  of  shale  oil  have  been  made.    In 
arddition  to  members  of  the  aromatic  and  naphthene  hydrocarbons 
(p.  87),  Gray'  found  traces  of  phenol,  ortho  and  meta  eresols,  zyle- 
nols,  and  guaiacol  in  Scottish  shale  oil.    The  amounts  present  were 
loo  small  to  warrant  their  commercial  extraction.    Several  investi- 
gators *  have  studied  the  basic  nitrogen  constituents  of  shale  oil,  and 
have  identified  pyrrol  (C4HSN),  pyridine  (CsHsN)  and  several  of 
its  homologues,  and  members  of  the  quinoline  (CoHrN)  and  isoquino- 
line  (CsHyN)  series. 

AMKONITJM  SUIiFHAXa. 

The  ammonia  water  recovered  from  the  retort  condensers  and 
scrubbers  is  pumped  through  a  heater,  in  which  it  is  heated  by  the 
spent  or  waste  water  flowing  from  the  still,  and  passes  to  the  top  of 
a  tower  still,  which  is  circular  in  cross  section  and  approximately  30 
feet  high.    Details  of  the  ammonia  stills  vary  in  different  plants, 
but  in  general  they  have  a  series  of  cast-iron  trays  about  2  feet  apart 
from  top  to  bottom.^    Steam,  at  a  pressure  of  30  to  40  pounds,  is 
admitted  to  the  bottom  of  the  tower  and  passes  upward  through  sealed 
hoods,  cast  on  the  trays;  the  liquid,  flowing  downward,  passes  from 
tray  to  tray  by  overflow  traps.    The  steam  carries  off  the  volatile 
ammonia ;  in  addition,  milk  of  lime  is  added  about  halfway  down  the 
tower  to  break  up  and  set  free  the  ammonia  contained  in  fixed  com- 
pounds from  which  it  can  not  be  removed  by  simple  steaming.  Sulphur 
compounds  in  the  water  also  break  down  in  the  tower  and  form  de- 
posits of  sulphur  which  must  be  removed  from  time  to  time.    The  spent 
water  runs  from  the  bottom  of  the  still  into  a  tank  containing  pipe 
coils,  through  which  flows  fresh  ammonia  water  on  its  way  to  the 
still,  thus  the  incoming  ammonia  water  is  preheated  by  the  spent 
water  from  the  still. 

The  ammonia  gas  from  the  still  is  passed  into  sulphuric  acid, 
much  of  which  is  recovered  from  the  acid  tars  of  the  refinery,  as  has 
been  noted  (p.  83).  The  vessels  in  which  the  sulphate  is  formed  are 
large  lead-lined  tubs  or  saturators,  or  '^cradcer  boxes."  The  gas 
bubbles  into  the  acid  through  holes  in  a  lead  coil  in  the  bottom  of  the 


■  Gray,  Tbos.,  The  phenols  from  shale  oil :  Joar.  Soc.  Chem.  Ind.,  toI.  21,  1902,  p.  845. 

•  WUllams,  O.  C,  On  Uae  presence  of  pyridine  in  naphtha  from  the  hltuminous  shale  at 
DoraeUhire:  Phil.  Mag..  4th  ser.,  vol.  8,  1854,  pp.  209-212;  On  the  volatile  bases  pro- 
duced by  the  destructive  distillation  of  the  bituminous  shale  of  Dorsetshire :  Jour.  Chem. 
8oc,  VOL  7,  1854,  pp.  97-107. 

Eoblnaon,  G.  C,  and  Qoodwln,  W.  L.,  New  bases  of  the  leucoline  seriea:  Trana.  Roy. 
Soc  Edinhargh,  vol.  28,  1879, 1>.  561 ;  voL  29,  1880,  pp.  265  and  278. 

Oarrett*  T.  C,  and  Smythe,  1.  A.,  The  bases  contained  In  ScotUsh  shale  oU :  Jour. 
Cbem.  Soc..  vol.  81,  1902,  pp.  449-456 ;  voL  88,  1903,  p.  763. 

*  Coaacber,  H.  R.  J.,  Personal  communlcaUon,  1020. 
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Teasel,  and  sulphuric  acid  constantly  flows  into  the  box.  In  tfie  older 
plants  the  ammonium  sulphate  thus  formed,  2NH3-hH2S04= 
(NH4)  s  SO4,  falls  into  a  well  at  the  center  of  the  bottom  of  the  Tessel, 
and  a  steam  ejector  lifts  it  from  the  well  into  cars  with  perforated 
bottoms.  The  excess  acid  is  drained  from  the  cars,  falls  on  a  lead- 
lined  table,  and  flows  back  to  the  saturators.  The  sulphate  in  the 
cars  is  then  sent  to  storage  bins,  and,  after  standing  a  while  to  dry, 
is  ready  for  the  market.  More  modern  practice  evaporates  the  suf- 
{^ate  solution  to  saturation  in  vacuum  pans ;  the  precipitated  salt  is 
dried  in  a  centrifuge,  and  all  traces  of  adherent  acid  are  neutralized. 

The  acid  recovered  from  the  refinery  goes  to  separate  saturators 
where  ammonia  is  passed  into  it  until  the  saturation  point  has  been 
reached.  Then  the  solution  is  drawn  from  the  saturators,  run  to 
settling  tanks  for  the  removal  of  tar,  and  then  run  into  the  continuous 
saturators — where  it  serves  to  dilute  the  incoming  fresh  acid  to  the 
proper  point — or  is  also  concentrated  to  saturation  in  vacuum  pans 
and  dried  in  centrifuges. 

The  exhaust  steam  and  waste  gases  from  the  saturators  are  passed 
to  the  retorts  and  utilized  for  the  formation  of  ammonia  from  the 
shale.  The  spent  water  from  the  ammonia  stills  is  pumped  to  the 
spent-shale  dump  and  filters  through  it  before  being  allowed  to 
escape  from  the  works. 

Most  works  purchase  their  acid,  but  two  of  the  companies  have 
their  own  acid  plants. 

The  ammonium  sulphate  produced  by  the  older  method,  though 
not  perfectly  dry,  commands  a  ready  market.  As  mentioned  above, 
in  the  most  modern  plants,  the  sulphate  is  concentrated  in  vacuum 
pans,  washed,  and  finished  in  centrifuges,  and  is  of  very  good  quality. 
The  sulphate  is  sold  and  rated  on  a  basis  of  25  per  cent  ammonia 
content.  About  1,850  pounds  of  sulphuric  acid  (sp.  gr.  1,72)  is 
required  to  make  a  ton  (2,000  pounds)  of  ammoniuip  sulphate. 
From  50  to  60  per  cent  of  this  acid  is  recovered  from  the  refinery 
acid-tars. 

COST  OF   AN   OIL-SHALE   PLANT   IN   SCOTLAND. 

It  is  difficult  to  estimate,  with  any  degree  of  accuracy,  the  cost 
of  an  oil-shale  retorting  and  refining  plant  at  the  present  time 
because  conditions  are  abnormal  and  no  complete  plants  have  been 
erected  in  Scotland  for  over  15  years.  According  to  Scottish  opera- 
tors, however,  a  retorting  plant,  including  shale  breaker,  tips,  retorts, 
condensers,  tankage  for  crude  products,  haulage  for  spent  shale,  am- 
monium sulphate  works,  and  a  part  of  the  power  plant,  would  cost 
in  Scotland,  under  the  conditions,  prices,  and  exchange  rates  prevail- 
ing in  1919,  at  least  $5,000  per  retort.    As  it  seems  that  a  retort 
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should  be  r»ted  by  daily  output  of  oil  rather  than  throughput  of 
fiAiale  (p.  72),  the  investment  cost  of  a  Scottish  retorting  plant,  com- 
pile as  desoribed  above,  is  $5,000  per  96  gallons  of  oil  a  day.  (It  is 
not  safe  to  consider  that  the  average  oil  production  of  a  Scottish 
retort,  under  pi^sent  methods  of  treating  Scottish  shales,  is  over  96 
gallons  a  day.)  ,  The  investment  cost  of  a  retorting  plant  is  there- 
fore approximately  $52  per  gallon  of  oil  a  day,  or  about  $2,190  per 
barrel  (42  gallons)  of  oil  a  day.  This  is  much  less  than  the  average 
^^well  cost''  per  barrel  of  petroleum,  but  the  cost  of  producing 
petroleum  is  much  lower  tiian  that  of  producing  an  equivalent  quan- 
tity of  shale  oiL 

Therefore  the  writer  calculates  that  a  Scottish  oil-Aale  retorting 
plant,  capable  of  receiving  sbale  from  the  mine,  producing  1,000 
barrels  of  crude  oil  and  a  corresponding  quantity  of  finished  ammo^ 
nium  sulphate  in  a  day  of  24  hours,  and  disposing  of  the  spent  shale 
would  cost  approximately  $2,190,000.  A  refinery  capable  of  com* 
pletely  refining  1,000  barrels  of  crude  petroleum  a  day  would  cost 
about  $1,000,000 ;  a  complete  shale-oil  refinery  probably  more.  Thus 
a  complete  plant  of  the  Scottish  type  capable  of  treating  1,000  tons 
of  42-gall(m  oil  shale  per  day  and  making  a  complete  line  of  finished 
products,  including  ammonium  sulphate,  would  cost  about  $3,190,000. 
This  figure  does  not  include  cost  of  land  for  plant  site,  mine,  mine 
equipment,  opening  up  mine,  land  for  spent-shale  dump,  town  for 
workers,  and  the  Uke.  It  does  include  complete  retorting  and  refin- 
ing equipment,  ammonium  sulphate  woiks,  and  auxiliary  buildings 
and  equipmyent. 

MABKETING. 

Oil-shale  companies  in  Scotland  market  their  products  in  a  manner 
somewhat  similar  to  that  of  the  petroleum  coinpanies  in  the  United 
States.  Most  of  the  shale  oil  is  marketed  in  the  British  Isles,  par- 
ticularly in  Scotland.  The  oil-shale  companies  and  many  marketing 
concerns  and  large  consumers  own  their  own  fleet  of  tank  cars. 
The  cars  are  much  smaller  than  those  commonly  used  in  the  United 
States.  A  part  of  the  paraffin  wax  is  exported  and,  on  account  of  its 
high  purity,  is  in  good  demand. 

STTCCESS  OF   THE  SCOTTISH   INDITSTBY. 

All  of  the  oil-shale  companies  in  Scotland  have  not  been  commer- 
cially successful.  In  1871  there  were  51  companies  engaged  in  the  in- 
dustry, but  in  1919  there  were  only  6,  and  in  1919  these  were  con- 
solidated. The  successful  companies  have  been  those  that,  efficiently 
organized  and  well  financed,  have  been  able  to  employ  the  best 
technical  skill,  utilize  labor-saving  devices,  and  work  on  a  large 
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scale.  The  industry  has  been  favored  by  several  factors,  such  as  the 
relatively  low  cost  of  labor,  large  yields  of  ammonium  sulphate,  high 
cost  of  competing  petroleum  products,  and  situation  in  a  densely 
populated  industrial  region — ^near  Glasgow  and  Edinburgh — ^where 
supplies  were  readily  available  and  a  market  was  close  at  hand. 

From  1871  to  1916  the  production  of  shale  oil  increased  firom 
598,810  to  1,965,000  barrels,  whereas  the  production  of  ammonium 
sulphate  in  the  same  period  rose  from  2,350  to  59,400  long  tons. 
These  figures  indicate  that  increasing  effort  has  been  directed  toward 
the  recovery  of  ammonium  sulphate.  Undoubtedly  the  increased  re- 
covery of  this  product  has  been  a  large  factor  in  the  success  of  the 
industry  in  Scotland. 

In  spite  of  the  favorable  factors  which  undoubtedly  aided  the 
success  of  the  Scottish  oil-shale  industry,  even  the  larger  companies 
have  had  a  hard  struggle  to  compete  with  petroleum  products  im- 
ported from  Russia,  Kumania,  Mexico,  Dutch  East  Indies,  and  the 
United  States.  Retorts  were  improved  to  produce  a  better  oil  and 
a  higher  yield  of  ammonia.  Mechanical  labor-saving  devices  were 
invented,  developed,  and  installed,  the  refinery  operations  were  cheap- 
ened and  improved,  and  economies  of  many  kinds  were  introduced. 
The  chemicals  used  in  refining  were  recovered;  and  the  recovered 
tars,  the  removal  of  which  had  involved  expense,  became  a  source 
of  profit  as  fuel.* 

Even  now  the  struggle  for  existence  continues,  especially  as  the 
lessened  price  of  ammonium  sulphate,  because  of  its  growing  pro- 
duction from  by-product  coking  plants,  gas  producers,  etc.,  has  in- 
creased the  difficulties  of  the  operators.  Labor  costs  have  increased 
and  the  prices  of  refined  oils  decreased.  In  1919,  when  the  shale 
miners  struck  for  an  increased  pay  equivalent  to  the  scale  awarded 
the  coal  miners  in  Gfeat  Britain,  the  companies  suspended  opera- 
tions of  some  of  the  retorts  until  the  miners  returned  to  the  same 
scale.  Later,  the  shale  companies  conceded  the  new  terms  voluntarily. 
Finally,  in  1919,  four  of  the  existing  companies  consolidated,  as  a 
subsidiary  of  the  Anglo-Persian  Oil  Co.,  in  the  hopes  that  a  cen- 
tralized and  more  efficient  organization  would  permit  more  economi- 
cal operation.  Also,  arrangements  were  made  to  have  the  surplus 
refining  capacity  of  the  shale  works  handle  crude  petroleum,  im- 
ported by  the  Anglo-Persian  Oil  Co.,  which  should  assist  economic 
operation  and  tend  to  reduce  overhead  costs. 

According  to  reports,*  in  1920  the  amalgamation  was  expected  to 
I'emove,  for  the  present  at  least,  all  danger  of  failure  of  the  Scottish 


■Stetiart,  D.  R.,  The  oU  shales  of  the  Lothlans.     Part  III,  The  chemistry  of  the  oil 
■iiAlefl :  Memoir  Geol.  Surrey  Scotland,  2d  ed.,  1912,  p.  187. 
*  Petroleum  World,  vol.  17,  No.  238,  July,  1920,  pp.  301>302. 
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industry.  It  has  been  possible  under  the  consolidation  to  decrease  the 
miner's  time  of  employment  from  an  eight  to  a  seven  hour  day,  and 
to  continue  the  old  scale  of  wages.  As  has  been  noted  on  page  55, 
it  is  probable  that  the  industry  as  a  whole  could  not  have  continued 
profitable  operations  had  there  been  no  reorganization.  The  shale- 
oil  refineries  are  now  reported  to  be  operating  partly  on  imported 
i-'ersian  petroleum ;  and  although  the  amount  of  petroleum  imported 
is  increasing,  it  still  appears  profitable  to  produce  shale-oil  products 
under  the  conditions  now  existing  in  Great  Britain.  It  should  be 
noted  that,  though  prices  of  petroleum  products  in  the  British  Isles 
are  much  lower  than  they  were  during  and  immediately  after  the 
World  War,  they  are  still  about  twice  as  high  as  those  of  sdmilar 
products  in  the  United  States. 

Table  19  summarizes  the  financial  statements  of  the  four  lead- 
ing companies  for  the  financial  years  1916-17, 1917-18,  and  1918-19. 
Points  of  note  in  the  table  are  the  small  capitalization,  fair  profits 
and  dividends,  and  strong  working  capital.  No  plants  have  been 
erected  or  materially  enlarged  within  the  past  15  years,  and  repairs 
in  that  time  have  probably  been  routine  and  not  particularly  ex- 
pensive. 

Under  the  reorganization,  the  Anglo-Persian  Oil  Co.  (Ltd.), 
guaranteed  to  pay  or  advance  the  amount  necessary  to  meet  the 
dividends  on  the  7  per  cent  participating  preferred  shares  of  the 
new  company,  Scottish  Oils  (Ltd.)j  which  were  exchanged  for  the 
ordinary  shares  of  the  subsidiary  companies,  until  December  31, 
1922 ;  any  sum  so  paid^  or  advanced  is  to  be  repaid  from  profits  of 
the  new  company  for  subsequent  ye^rs,  after  payment  of  7  per  cent 
on  the  preference  and  ordinary  shares  of  the  new  company.  The 
Anglo-Persian  Oil  Co.  was  to  subscribe  and  pay  in  cash  for  the 
ordinary  shares.  For  the  year  ending  March  81,  1920,  7  per 
cent  dividends  were  paid  on  both  ordinary  and  preference  shares 
of  the  new  company,  but  since  then  dividends  have  not  been  paid 
on  the  ordinary  shares. 

Of  the  subsidiary  companies,  Broxburn  paid  13^}  per  cent  in 
1920, 7i  per  cent  in  1921  and  1922,  and  15  per  cent  in  1923 ;  Oakbank 
paid  11-^  per  cent  in  1920,  15  per  cent  in  1921,  10  per  cent  in  1922, 
and  16  per  cent  in  1923 ;  Young's  paid  2|  per  cent  in  1920,  no  divi- 
dend in  1921  or  1922,  and  3  per  cent  in  1923 ;  Pumphenston  paid  30 
per  cent  in  1920,  20  per  cent  in  1921,  10  per  cent  in  1922,  and  20 
per  cent  in  1923.  The  above  dividends  are  on  ordinary  shares.  As 
to  preference  shares,  Broxburn,  Oakbank,  and  Pumpherston  have 
paid  6  per  cent  annually  since  1920. 
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TOBTBIBUnOV  OF  CX)83S  IN  XHB  8€X>TTISH  INBI7ST&T. 

Table  90  shows  the  percentage  of  costs  attributable  (in  1919)  to 
different  items  entering  into  the  total  cost  of  producing  refined  shale- 
oil  products.  The  distribution  as  applied  to  retorting  does  not 
include  interest,  depreciation,  or  certain  other  fixed  charges,  which, 
because  of  the  investment  represented  by  the  retorts,  amounts  to  a 
considerable  proportion  of  the  total  cost  of  retorting. 

Table  20.'—Pereeniage  ^tUiribution  of  costs  m  the  SeottUh  oOrshaie  imdus^, 

1919. 

Total  mlaiaf  costs.* 

Fer  c^t. 

Bfiners'  wages,  measaremaitB,  and  extras 8&  97 

On  cost  (below)  ( dead- work  expoises) 13.88 

On  cost  (above)  (dead-work  expenses) 7.50 

Coal 7. 50 

Stores,  including  rails,  castings,  and  wire  rope 10. 00 

Ties  and  mine  timbers 8. 33 

Bojaltles  (lordsMp) a  33 

Bight  of  way 1. 67 

Orerbead*  general,  and  fixed  charges 11. 67 


Total lOa  00 

Total  ntoitiiir  costs.^ 

Includes  taking  shale  from  where  it  is  delivered  from  mine  to  the  spent- 
shale  *'bing"  and  making  crude  oil,  crude  scrubber  naphtha,  and  ammoniacal 
Ikinor. 

Pop  cttit. 
Total  labor  (wages) ^86 

Total  stores.  Including  coal  for  producer  gas  and  steam 57. 14 


Total « 100. 00 

Total  reflnisf  costs. 

Bsrcent. 

C5aal ^ , 2a  87 

Chemicals 33. 33 

Wages  (labor) 20. 00 

Itetal -fixed,  general,  and  overhead  charges 18.  ST 


Total 100. 00 

Total  anunoalnm  snlphato  produotton  costs.' 

Per  cent. 

Wages  (labor) . 11.87 

Stores*  In^ding  lime 5. 00 

Snlphoric  acid ^-, 60. 00 

Coal,  general,  fixed,  and  overhead  charges 23. 33 

T0li«I ^ ^ 100. 00 


•  I^re-wftr  costs  of  mining  were  45  per  cent  of  1919  costs. 

♦  Fve^vir  retorting  costs  were  43  per  cent  of  1919  costs.       ,  ^     ^     ^  ,^.  .    ^^ 
•TXds  distribution  does  not  include  oyerhead.  general,  and  fixed  charges.  wMch  tlM 

utttar  e^Umatea  would  be  at  lestit  20  per  cent  of  Uie  total  retorting  cost 
^Pre-war  ^sts  of  refining  were  43  per  cent  of  1919  coerts. 
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Table  21  shows  the  quantity  of  products  finished  from  1 1? 
shale  of  the  quality  being  worked  in  1919,  and  Table  ^  tk 
centage  distribution  of  the  total  cost  of  producing  from  1  ti 
shale  the  finished  products  shown  in  Table  21.     The  distnss 
shown  in  Table  22  does  not  include  fixed,  general,  and  o^ 
charges  on  retorting  but  does  include  these  items  in  the  costs  c 
other  operations. 

Tabuc  21. — Quantity  of  products  finished  from  1  ton  of  Scottimh^  oU  shak  v. 


Product :  tity.    rf  ^ 

Naphtha  (450*  P.  end  point),  gaUons 2:45 

Burning  oils,  gallons 6^  IS 

Oas  and  fuel  oils,  gallons &  88 

Lubricating  oils,  gallons 1.72 

Wax,  pounds 17.70 

Goke,  pounds 3w  6S2 

Ammonium  sulphate,  pounds 85w70 

Table  22. — Percentage  distribution  of  costs  of  making  finished  prodvei^  * 

1  ton  of  Scottish  oil  sliale  in  1919. 


Operation:  too-r* 

Mining 

Retorting  • 

Refining 

Production  ammonium  sulphate 


<  Does  not  Inclade  fixed,  general,  and  oyerhead  costs  of  retorting. 

APPLICATION  OF  THE  SCOTTISH  DTDTTSTBY  TO  AH  AlCElS^ 

0IL4HALE  INDTrSTBY. 

The  only  oil-shale  industry  of  commercial  importance  in  the  ▼ 
at  present  is  in  Scotland,  where  it  has  been  in  existence  over  60  7^ 
Operations  in  France  and  Spain  are  still  conducted  on  a  small  s^ 
and  the  plants  of  Australia  which  receive  Government  bounty  on 
produced  are  reported  as  graduaUy  discontinuing  work  on  oil  ^• 
The  Scottish  retort  and  retorting  and  refining  procedure  ^ 
been  undergoing  improvements  for  over  50  years  and  !^ 
changed  little  in  the  past  15  years.  This  evolution  took  p^ 
under  extremely  practical  conditions,  especially  as  the  srf 
operators  were  under  the  pressure  of  severe  foreign  oompet'^'' 
It  is  evident,  therefore,  that  the  present  retort  is  the  best  >[? 
ratus  known  to  the  Scottish  operators  for  their  particular  ^ 
and  their  particular  conditions.  It  seems  equally  evident  ^'^ 
the  United  States,  where  an  oil-shale  industry  is  just  begini^^ 
should  not  fail  to  take  advantage  of  the  knowledge  gained  dar^ 
the  many  years  of  Scottish  practice  and  idiould  endeavor  to  ^^^ 


^ 
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the  mistakes  made  in  the  early  stages  of  the  industry  in  Scotland. 
Xhis  is  said  with  full  realization  that  shales  and  conditions  in  the  two 
countries  are  dissimilar.  The  knowledge  and  practice  of  Scotland 
should  be  applied  and  tried  in  this  country  as  far  as  they  can  be 
applied  successfully,  and  from  this  stage  our  own  experience  should 
guide  us. 

The  possible  use  of  Scottish  practice  in  this  country  is  discussed 
on  pages  117  to  124,  but  it  seems  proper  to  indicate  here  some  lessons 
that  may  be  learned  from  a  study  of  the  Scottish  oil-shale  industry 
and  applied  in  part,  at  least,  to  the  potential  industry  of  this  country. 

From  a  technical  standpoint,  we  find  that — 

(1)  The  character  of  the  crude  oil  produced,  and  thereby  the 
nature,  quality,  and  quantity  of  its  products,  is  influenced  greatly 
by  the  conditions  under  which  it  is  produced. 

(2)  Inasmuch  as  the  margin  of  profit  in  oil-shale  operations  is 
small,  every  possible  technical  economy  must  be  applied  in  the  planta 

(3)  The  refining  operation  must  be  suited  to  the  nature  of  the  oil; 
petroleum-refining  methods  probably  will  not  apply  entirely,  or  well, 
to  shale-oil  refining. 

With  respect  to  business  practice,  it  is  particularly  evident  that  oil- 
diale  operations  require — 

(1)  The  best  executive  and  technical  ability;  (2)  a  strong,  eco- 
nomical, efficient,  and  highly  organized  control;  (3)  a  large  amount 
of  capital,  on  which  only  a  nominal  yield  can  be  expected;  and  (4) 
large-scale  operations,  conducted  with  the  utmost  regard  for  eco- 
nomic conditions  and  prevention  of  waste. 

HI8T0BT  Am)  PBESENT  STATUS  OP  THE  OIIrSHALE  DmiTSTBY 

nr  THE  TTlilTEl)  STATES. 

In  1860  there  were  63  companies,  mostly  in  the  eastern  part  of 
this  country,  producing  oil  by  the  distillation  of  various  kinds  of 
bitiuminous  substances.^®  Many  of  the  companies  operated  under 
licenses  from  the  Young  company  of  Scotland.  The  methods  used 
were  orude,  and  the  materials  treated  ranged  from  bituminous  and 
cannel  coals  to  some  true  oil  shales.  The  desired  product  was  kero- 
sene or  ^  coal  oil " — ^the  term  still  surviving  from  the  time  when  most 
of  the  kerosene  used  in  this  country  was  reaUy  derived  from  coal 
and  the  like.  Some  of  these  companies  were  just  getting  started 
when  the  American  petroleum  industry  came  into  being  and  re- 
duced the  price  of  kerosene  so  much  that  '^  shale-oil "  operations  be- 

1*  Bacon,  R.  F.,  and  Hatnor,  W.  A.,  The  American  petroleum  Indnatry.     Vol.  1.  pp.  809- 
212. 
Baskeryille.  C.  B.,  Economic  poaaibilitlea  of  American  oU  abalea:  Bng.  and  Mln.  Jonr., 

vol.  8.S.  1JM)ft.  pp.  149-1. •54. 
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came  unprofitable,  and  the  plants  were  abandoned  or  adapted  for 
refining  petroleum. 

In  1914  Woodruff  and  Day^^  published  the  result  of  an  investigm- 
tion  of  the  oil  shales  of  the  Oreen  River  formation  in  Colorado. 
That  a  mineral  from  which  oil  could  be  obtained  by  destructive 
distillation  existed  in  parts  of  Colorado,  Utah,  and  Wyoming  was 
well  known;  but  this  report,  followed  by  those  of  Winchester,*' 
which  have  been  widely  quoted,  gave  rise  to  a  remarkable  interest  in 
oil  shales  in  the  United  States  during  1916,  and  the  beginning  of  an 
attempted  development  of  an  oil-shale  industry.  Since  that  year 
an  increasing  amount  of  work  has  been  done  on  oil  shale,  but  up  to 
the  time  of  writing  (April,  1923)  the  only  operations  approaching 
a  commercial  scale,  are  those  being  conducted  by  the  CatUn  Shale 
Products  Co.,  at  Elko,  Nev. ;  an  oil-shale  industry  can  hardly 
be  said  to  exist  in  the  United  States,  except  in  the  literature  of  pro- 
motion concem& 

Many  retorts  of  various  designs  have  been  proposed,  several  pat- 
ented, and  a  few  have  been  erected,  but  most  of  these  have  been  so 
small  that  they  must  be  considered  as  experimental  or  demonstration 
plants.  Many  investigators  and  organizers  are  working  in  good 
faith,  but  the  potential  industry  has  suffered  much  harm  by  the 
f  al^  promoter  and  his  promotion  companies.  It  is  reasonable  to 
say  that  over  100  companies  have  bee^  organist,  ostensibly  for  the 
purpose  of  developing  oil  shale  in  some  way  or  another  but  really 
for  the  purpose  of  fattening  the  pocketbooks  of  the  promoters. 

It  is  not  difficult  to  see  the  reason  for  this  situation.  The  country, 
in  the  years  1918-1920,  was  in  the  height  of  a  speculative  fever. 
Many  persons  during  the  war  had  made  their  first  investments  by  pur- 
chasing Government  bonds  and  the  like,,  and  not  having  learned 
to  differentiate  between  an  investment  and  a  speculation  were  easily 
convinced  that  their  present  investments  should  be  changed  into 
ones  yielding  a  higher  return ;  not  did  they  know  the  earmarks  of 
a  fake  industrial  stock.  This  speculative  fever  seems  to  be  abating 
at  present ;  nevertheless,  the  country  is  literally  '^  wild  over  oiL"  In 
the  popular  imagination,  anytihing  connected  with  oil  is  a  source  of 
immediate  wealth;  and  stock  promoters  dealing  in  oil-shale  stock 
do  not  hesitate  to  make  the  prospect  more  dazzling  by  presenting 
all  sorts  of  impossible  estimates  of  assured  profits  in  oil-shale  opera- 
tions. 

n  Woodruff,  B.  C,  and  D|iy,  D.  T.,  Oil  shale  in  northwestern  Colorado  and  northeastern 
Utah:  U.  S.  Geol.  Survey  Ball.  681,  1914.  pp.  1-21. 

u  Winchester,  D.  B.,  Oil  shale  in  northwestern  Colorado  and  adjaeant  areas:  U.  & 
Gaol.  Survey  Boll.  641,  1017,  pp.  189-198;  Oil  shale  of  the  Uinta  Basin,  northeastern 
Utah,  and  results  of  dry  distillation  of  miscellaneous  shale  samples:  U.  S.  GeoL  Surroif 
Bull.  691,  1918,  pp.  27-56. 
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Such  tactics  can  not  but  hinchr  the  deyelopment  of  legimate  oil- 
shale  operations.  To  those  who  are  sincerely  assisting  the  deyelop- 
ment of  an  oil-shale  industry  by  laboratory  research  and  by  the  at* 
tempted  develoinnent  of  well-founded  processes,  well  knowing  that 
the  chances  at  present  are  not  strongly  in  favor  of  making  an  im- 
mediate return  on  the  investment,  much  credit  is  due.  They  are  the 
ones  who  are  really  building  a  firm  foundation  for  an  oil-shale  in- 
dustry in  this  country. 

TSNDENCT   OF   BETOBT   DESIGN  IN   THE   UNITED   STATES. 

In  the  neighborhood  of  75  proposed  processes  for  the  treatment 
of  oil  shale  have  come  to  the  attention  of  the  writer  during  the  past 
iiye  years.  Small  plants,  mostly  for  experimental  and  demonstrative 
work,  have  been  erected  in  various  parts  of  the  country.  Two  or 
three  are  in  Hoboken,  N.  J. ;  one  or  more  in  Illinois  and  in  Kentucky ; 
one  in  Kansas  City ;  several  in  Denver,  Colo. ;  a  half  dozen  or  more 
in  the  region  between  Denver  and  Salt  Liake  City,  Utah ;  two  or  three 
in  Salt  Lake  City ;  one  near  Dillon,  Mont ;  and  at  least  two  in  Nevada 
and  in  California.  Plates  XVI  and  XVII  show  the  size  and 
general  appearance  of  t3rpical  oil-shale  installations  in  this  country. 
None  of  tliese  plants  can  be  considered  as  ever  having  operated  com- 
mercially; except  one  or  two  they  are  not  lai^  enough  to  be  con- 
sidered conmiercial  plants,  in  the  sense  of  being  able  to  produce  shale 
oil  in  commercial  qualities  and  quantitie& 

Study  of  the  proposed  processes  and  plants  reveals  a  tendency  to 
get  away  from  the  Scottish  type  of  vertical  retort;  only  two  or 
three  are  similarly  designed,  and  even  these  are  modified,  mostly 
in  essential  details. 

OBJECnOKS  TO  THE  USE  07  THE  SCOTTISH  OII«-SHALE  BETOBT  IN 

THE  UNITED  STATES. 

The  chief  objections  to  the  use  of  the  Scottish  retort  in  this  coun- 
try are  (1)  its  low  throughput  per  unit,  with  consequent  large  initial 
plant  cost ;  (2)  its  design,  for  the  purpose  of  producing  a  maximum 
quantity  of  ammonia  from  Scottish  shale;  and  (3)  the  doubt  that  it 
will  treat  richer  American  shales,  based  largely  on  the  operation  in 
Colorado  in  1916  and  1917  of  a  so-called  modified  Henderson  retort. 
These  objections  should  not  condemn  the  Scottish  retort  for  trial 
in  this  country,  especially  as  the  objections  seem  to  have  little 
or  no  basis  in  fact. 

1.  The  capacity  of  the  Scottish  retort  seems  to  be  low,  yet  the  ex- 
perience of  operators  in  Scotland,  working  for  the  maximum  yields 
of  refined  oils  and  anunonia  that  are  consistent  with  the  highest 
economic  return,  would  indicate  that  the  shales  must  be  heated  slowly 
if  good  yields,  both  as  to  quantity  and  quality  of  finished  products, 
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are  to  be  obtained.  In  the  Appendix  (p.  175)  the  effeete  r 
f erent  conditions  of  retorting  are  discussed,  so  it  will  suffice  H 
note  that  the  retorting  conditions  applied  in  Scotland  are  p^ 
those  that  yield  there  the  greatest  profit  per  unit  of  shak.  • 
conditions  might,  and  probably  would,  yield  a  larger  azsccj 
crude  oil ;  a  higher  recovery  of  finished  products  might  be  d^ 
or  more  ammonia  might  be  produced,  but  the  net  profit  wooli" 
ably  be  reduced.  It  is  pertinent  here  to  mention  that  hi^est 
of  crude  oil  does  not  necessarily  lead  to  largest  production  of  i> 
products  of  highest  quality.     (See  p.  175.) 

Altogether  aside  from  the  influence  of  slow  retorting  on  tk; 
ucts,  other  factors  are  to  be  considered.  The  Scotti^  r^on: 
shale  in  large  lumps — except  for  a  small  amount  of  fines  well  i 
with  the  coarse  material — ^and  therefore  the  rate  of  heating  kj 
slower  than  if  fine  material  were  used.  It  would  hardly  be  {^s 
to  treat  fine  shale  in  a  vertical  retort,  because  of  the  difliciilty  • 
moving  vapors.  In  any  retort,  when  finely  ground  shale  is  i& 
especially  if  the  retorting  rate  is  rapid,  a  large  amount  of 
passes  into  the  condensers,  and  what  does  not  "  hang  up "  ^ 
condensers  passes  out  with  the  oil.  This  makes  necessary  free 
cleaning  of  the  condensers  and  removal  of  the  dost  from  t> 
before  the  oil  is  sent  to  the  refinery.  Even  with  the  Scotti^  t?^ 
retorts,  dust  troubles  are  not  entirely  avoided.  Since  large !: 
of  shale  are  treated,  the  cost  of  crushing  is  small.  The  cost  ci 
grinding  the  richer  American  shales  will  probably  be  rebt 
great.  These  are  some  of  the  advantages  of  the  Scotti^  retort 
tend  to  offset  its  low  capacity.     (See  also  p.  121.) 

The  vertical  retort  offers  many  advantages  over  an  inclic^^ 
horizontal  type,  inasmuch  as  passage  of  shale  through  and  froc 
retort  is  easily  insured  by  simple  mechanical  devices.  Compli  > 
conveying  and  discharge  apparatus  should  be  avoided  as  mc/ 
possible  in  retorts  operating  at  the  temperatures  of,  and  under 
conditions  obtaining  in,  oil-shale  distillation.  For  conveying, 
much  cheaper  to  utilize  the  force  of  gravity  than  complicatec ' 
chanical  devices  prone  to  get  out  of  order ;  and  finally  the  slov  - 
of  depreciation,  infrequent  repairs,  and  continued  operation  w:*: 
shutdown  offset  somewhat  the  high  installation  cost  of  the  S(c^> 
type  of  retort. 

Retorts  better  than  the  Scottish  type  will  probably  be  devek? 
or  that  type  may  be  modified,  but  the  writer  sees  so  many  hyon 
features  in  it,  coupled  with  successful  commercial  operation  fora:' 
years,  that  he  believes  it  worthy  of  serious  consideration  and  r  * 
ough  trial  in  America. 

2.  The  objections  to  the  ammonia-production  features  of  the  S' 
tish  retorts  are;  (a)  It  is  necessary  to  use  steam  in  retorting, *^' 


A 


HISTORY  AND  STATUS  OP  I2n)USTRY  IN  UNITED  STATES.        101 

an  additional  condensing  surface  for  condensing  this  steam ;  and  (b) 
it  is  the  general  belief  that  American  shales  do  not  contain  enough 
nitrogen  to  warrant  the  production  of  ammonia  from  them.  Atten- 
tion is  called  to  the  fact  that  steam  serves  many  functions  in  the 
retort  other  than  that  of  acting  as  an  ammonia  producer  (p.  48), 
and  its  use  is  probably  essential  in  vertical  retorts  in  order  to  obtain 
oils  of  good  quality.  As  to  the  nitrogen  content  of  American 
shales,  Table  5  (p.  30)  indicates  that  they  average  well  with  Scot- 
tish shales.  The  writer  does  not  venture  to  predict  whether  the 
recovery  of  nitrogen  as  ammonia  from  American  oil  shales  will  be 
profitable,  but  the  point  is  that  these  shales  contain  comparatively 
large  quantities  of  nitrogen. 

3.  In  1916  a  small  retort,  said  to  be  a  modification  of  the  Scot- 
tish Henderson,  was  erected  near  De  Beque,  Colo.  Except  for  minor 
details,  this  retort  was  all  that  the  modern  Henderson  is  not.  It 
was  of  cast  iron  with  1-inch  walls,  15  feet  high  and  tapering,  12 
inches  in  diameter  at  the  top  and  20  inches  at  the  bottom.  A  piece 
of  12- inch  casing  8  feet  long,  set  vertically  at  the  top,  served  as  a 
hopper,  and  one  toothed  roller  at  the  bottom,  operated  intermittently 
by  hand,  was  intended  as  a  discharge  mechanism.  The  retort  was 
set  in  a  brick  furnace,  not  at  all  like  that  used  with  the  Henderson 
retort,  and  was  heated  by  combustion  of  the  gases  produced  in  re- 
torting, supplemented  by  raw  shale  burned  in  a  fire  box.  A  small 
exhaust  pump  drew  vapors  away  from  the  retort.  Provision  was 
made  for  passing  steam  into  the  bottom  of  the  retort. 

The  retort  was  filled  with  rich,  massive  shale,  and  heated.  As  is 
probably  true  of  many  rich  shales  heated  rapidly,  this  shale  in- 
tumesced  and  adhered  to  the  walls  of  the  retort,  stopping  operations. 
From  the  results  of  work  with  this  one  retort  the  idea  has  arisen 
that  Scottish  retorts  can  not  be  used  for  rich  American  shales. 
Reference  to  the  description  of  the  Henderson  retort  (p.  68)  shows 
that  the  retort  under  discussion  was  a  crude  attempt  to  imitate  it. 
The  test  was  by  no  means  fair  and  should  not  be  considered  con- 
clusive. One  of  the  features  of  the  Scottish  retort  is  the  fact  that 
the  shales  are  heated  slowly  and  the  products  removed  rapidy  by  the 
use  of  excess  quantities  of  steam.  As  far  as  coking  or  adhering 
of  shales  to  retort  walls  is  concerned,  experiments  of  the  Bureau  of 
Mines  show  that  richness  oi  the  shales  is  not  the  property  that 
determines  extent  of  coking;  some  very  rich  shales  show  no  tendency 
to  coke.  Little  difficulty  is  experienced  with  many  coking  shales  if 
they  are  heated  slowly  and  the  products  removed  rapidly  as  formed, 
especially  with  steam.  It  is  believed,  however,  that  certain  coking 
shales  will  be  troublesome  in  any  type  of  retort. 
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Later  tests  with  the  retort  mrationed  aboTe,  somewhat  modified, 
have  giTen  more  favorable  results,  but  even  now  it  is  no  more  tiuua 
a  crude  attempt  to  imitate  the  modem  Scottish  retort. 

In  1919,  near  Elko,  Hew^  a  unit  of  four  Pnmpherston  experi- 
mental retorts  was  erected  by  a  priyate  corpoaration;  the  Bmrean 
of  Mines  cooperated  to  the  ext^it  of  assigning  one  of  its  eonsoltiiig 
engineers  to  direct  the  construction  and  op^ntion  of  the  plant 
The  retorts  proper  were  coostmcted  in  accordance  with  plans  olh 
tained  from  Scotland,  bnt  after  a  short  period  of  operation  wen 
closed  down. 

An  examination  of  the  plant  after  it  had  been  closed  down 
showed  that  the  brick  parts  of  the  retorts  had  separated  from  the 
iron  parts,  that  vertical  joints  in  the  brickwork,  mostly  in  the 
npper  parts,  had  pulled  apart,  and  that  slag  had  formed  in  the 
lower  portions  of  the  brick  parts  of  the  retorts.  These  conditions 
seem  to  have  been  caused  by  (1)  imperfect  workmanship  in  parts 
of  the  construction;  (2)  probably  too  rapid  heating  to  working  tem- 
perature; (3)  operation  probably  being  forced  in  an  effort  to  in- 
crease throughput,  with  resultant  high  temperatiires  and  the  forma- 
tion of  dlag;  and  (4)  too  rapid  cooling  when  the  plant  was  closed 
down.  Although  repairs  could  have  been  made  at  relatively  low 
cost,  plans  for  putting  the  plant  in  shape  came  to  nothing  and  it 
was  finally  dismantled. 

Under  the  circumstances  the  abandoning  of  this  project  should 
not  be  taken  to  indicate  that  the  Scottish  type  of  retort  is  not  suit- 
able for  treating  American  shales.  Scottish  operators  stress  the 
necessity  of  using  specially  selected  fire  clay  in  the  manufacture  of 
retort  bricks  and  in  building  the  brick  parts  of  the  retort,  and  also 
the  4&og6i^  of  damage  to  the  brickwork  if  the  retorts  are  not  hested 
slowly  when  first  put  into  operation  or  after  they  have  been  down 
for  repairs.  It  is  also  necessary  to  cool  slowly  when  the  retorts  are 
being  shut  down  after  a  period  of  operation. 

assnsRAL  BiscirssioK  of  types  of  akericah  oxl-shaub 

SETOBTS. 

It  has  been  noted  that  the  present  trend  in  the  development  of 
oil-shale  retorts  in  this  country  is  away  from  the  Scottish  type. 
The  principal  features  of  proi)osed  American  retorts  may  be  briefly 
outlined  by  dividing  them  into  several  general  types«  Table  23  (p. 
107)  gives  the  processes  which  have  been  most  conmionly  mentioned 
in  connection  with  the  development  of  an;  oil-shale  industry  in  this 
country.  The  table  also  classifies  the  processes  according  to  the 
classification  given  below. 
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X.      HOSIXOMTAI^    KBTORTS    WITH    OONYKTES    STBnOIB    FOR    MCyvmO    AMD 
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^Either  one  or  several  superimposed  horizontal  cylinders  are  pro- 
vided with  conveyers  of  various  kinds,  usually  Ardiimedian  screws. 
If  one  cylinder  is  used,  the  shale  is  fed  at  one  end,  subjected  to  rising 
temperature  on  its  travel  through  the  retort,  and  discharged  in  a 
spent  condition.  If  more  than  one  cylinder  is  used,  the  shale  passes 
in  series  through  them  and  is  subjected  to  a  higher  temperature  in 
each.  With  this  type  of  retort  the  vapors  are  often  removed  at 
several  different  points,  on  the  theory  that  oils  of  different  qualities 
are  distilled  from  the  shale  at  different  temperatures,  and  that  by 
taking  advantage  of  this  condition  a  fractional  "eduction"  will 
result,  yielding  refined  or  partly  refined  fractions  direct  from  the 
shale.  There  is  undoubtedly  some  truth  in  the  theory,  but  the  extent 
of  such  fractionation  does  not  appear  to  be  sufficient  to  be  of 
practical  value.  (See  p.  174.)  In  many  tests  what  has  seemed  to  be 
fractional  "eduction"  has  really  been  fractional  condensation,  tak- 
ing place  either  within  the  retort  or  in  the  condensers. 

Retorts  of  this  general  type  were  tried  in  Scotland  early  in  the 
history  of  the  industry  (p.  62)  and  were  abandoned  as  difficult  to 
control  and  producing  an  unsatisfactory  oil.  This  does  not  neces- 
'  sarily  indicate,  however,  that  they  will  be  unsatisfactory  for  Ameri- 
can shales  and  conditions. 

Usually  the  rectangular  horizontal  iretort  consists  of  a  flat  hearth, 
heated  from  below,  and  covered  with  a  hood  or  top  that  leads  the 
oil  vapors  to  the  vapor  mains.  The  shale,  which  is  ordinarily  crushed 
to  a  size  that  will  pass  a  10-mesh  screen,  is  usually  fed  upon  the 
hearth  by  a  screw  conveyer.  The  feed  end  of  the  hearth  is  gen- 
erally the  coolest  part,  and  the  temperature  increases  progressively 
toward  the  discharge  end.  The  shale  is  moved  across  the  hearth  and 
discharged  from  the  retort  by  a  series  of  rabbles,  rakes,  toothed  con- 
veyers, or  the  like.  Discharge  is  usually  into  a  water  seal.  Pro- 
vision is  often  made  to  secure  whatever  benefits  there  may  be  in 
the  fractional  ^  eduction  '^  theory.  Betorts  of  the  Wedge  ore-roaster 
tjrpe  with  only  one  hearth  are  included  in  this  class. 

9.  nfCLINXD  BETOBTS  WCTH  OONVBTSBS  OR  AGITATORS. 

The  title  given  is  nearly  self-explanatory.  In  the  various  types 
proposed  the  retorts  are  inclined  at  different  angles  to  the  horizontal, 
ranging  from  5  or  10  degrees  to  perhaps  45  degreea    In  different 
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retorts,  the  cross  section  is  rectangular,  circular,  semicircular,  or  a 
segment  of  a  circle.  Various  types  of  agitators  or  conveyers  are 
used  to  keep  the  shale  in  motion  through  and  discharge  it  from  the 
retort.  These  range  from  scrapers  that  oscillate  from  side  to  side 
and  scrape  the  bottom  of  the  retort  to  belt  or  bucket  conveyers 
that  actually  carry  the  shale  through  and  from  the  retort. 

8.    CONTINUOUS,   EXTERNALLY   HEATED   VERTICAL   RETOBT8. 

A.   IfOHFICATIONB   OF   SCOmSH   TTPn 

At  least  two  modifications  of  the  Scottish  vertical  retort  have  been 
proposed.  One  is  based  on  the  Pumpherston  retort,  but  has  two 
separate  chambers — ^the  upper  being  heated  by  passing  through  it 
combustion  gases  from  the  lower  furnace,  and  the  lower  being 
externally  heated,  like  the  Pumpherston.  The  two  chambers,  or 
retorts,  are  connected  by  a  duct,  normally  closed  by  a  manually 
operated  valve.  In  the  upper  chamber  the  shale  is  preheated  and 
dehydrated  by  direct  contact  with  the  hot  combustion  gases.  Then 
the  shale  drops  into  the  lower  retort,  where  destructive  distillation 
takes  place.  Steam  is  admitted  into  the  lower  retort,  which  may 
be  of  silica  brick,  and  the  discharge  mechanism  is  similar  to  that 
of  the  Pumpherston  retort. 

Another  retort,  a  modification  of  the  Henderson,  in  commercial 
size  will  have  about  the  same  dimensions  as  the  Henderson  and  have 
the  same  type  of  discharge  mechanism.  The  modification  consists 
of  perforated  vapor  pipes  extending  into  and  through  the  upper  or 
iron  part  of  the  retort;  their  purpose  is  to  remove  the  distillation 
products  as  rapidly  as  they  are  formed  and  to  gain  the  supposed 
advantages  of  fractional  eduction. 

B.    OTHER  rONTTNI'OlJHLY  OPKRATINO  TERTICAL  TYPES. 

One  inventor  proposes  a  vertical  retort  made  of  two  concentric 
castings  heated  from  an  inside  and  an  outside  flue.  One  casting  is 
stationary  and  the  other  is  rotary  about  a  vertical  axis.  The  outer 
surface  of  the  inner  casting  and  the  inner  surface  of  the  outer  cast- 
ing are  provided  with  rows  of  short  horizontally  placed  lugs  or 
shelves.  The  shale  feeds  in  at  the  top  on  the  lugs,  from  which  it  is 
scraped  by  the  lugs  on  the  moving  cylinder,  falls  to  lower  lugs,  and 
is  finally  discharged. 

Another  vertical  retort  consists  of  an  inner  and  outer  metal  shell 
of  zigzag  section.  The  inner  shell  rotates.  The  vapors  pass  through 
it  at  several  places  into  an  inner  vapor  duct.  The  whole  is  placed 
in  a  furnace  and  heated  externally. 
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Other  vertical  types  are  based  on  the  principles  of  the  Wedge  or 
Herreshoff  furnaces  for  roasting  ores.  In  these  types  shale  is  fed  upon 
an  externally  heated  horizontal  hearth,  where  it  is  moved  by  a  series 
of  plows  or  rabbles  connected  to  a  central  rotating  vertical  shaft. 
The  shale  progressively  falls  from  one  hearth  to  a  second,  is  scraped 
over  it  and  discharged  to  a  third,  and  so  on,  until  finally  discharged. 
Each  successive  hearth  is  heated  to  a  higher  temperature,  and  vapor 
lines  usually  lead  from  the  level  of  each  hearth. 

Still  other  vertical  types,  continuously  operating,  discharge  the 
spent  shale  from  an  externally  heated  metal  or  fire-brick  retort  into 
a  furnace  where  the  spent  shale  is  burned.  The  fixed  carbon  of  the 
spent  shale  is  supposed  to  furnish  with  the  fixed  retort  distillation 
gases  enough  fuel  to  conduct  the  distillation  in  the  upper  distilla- 
tion retort.  Steam  may  also  be  admitted  into  the  upper  retort.  One 
vertical  retort  contains  a  vertical  screw  conveyer  for  moving  and 
agitating  the  shale  in  the  retort. 

4.  INTERMITTENT  SXTERNAIXY  HEATED  VERTICAL  RETORTS. 

A  retort  of  this  type  consists  of  a  vertical  casting  or  refractory 
retort,  closed  at  top  and  bottom  by  tight-fitting  lids.  The  lower  lid 
has,  passing  through  it  and  removable  with  it,  a  vapor  line  that 
reaches  to  within  a  few  inches  of  the  top  of  the  retort.  This  inner 
vapor  line  is  perforated,  and  the  vapors  resulting  from  distillation 
by  external  heating  are  drawn  in  through  the  perforations  and  down^ 
ward  out  of  the  retort  by  a  suction  pump  placed  somewhere  in  the 
gas  main  or  condensing  system.  This  arrangement  is.  supposed  to 
provide  better  transmission  of  heat  and  immediate  removal  of  the 
products  as  they  are  formed  from  the  zone  of  formation  to  a  zone  of 
lower  temperature^    This  process  may  also  be  made  continuous. 

6.  INTERNALLY  HEATED  RETORTS. 

Several  types  of  internally  heated  retorts  have  been  proposed. 
Most  of  them  are  vertical;  some  work  continuously  and  others  in* 
termittently.  Heating  is  effected  by  passing  superheated  steam  or 
fixed  distillation  gases  into  one  end  of  the  retort  and  taking  them, 
with  the  products  of  distillation,  out  of  the  other  end.  The  retorts 
sometimes  are  operated  under  considerable  positive  pressure.  The 
condensable  products  are  condensed,  the  gases  scrubbed,  and  the  fixed 
gases  used  as  fuel  in  the  gas  or  steam  superheater.  In  one  plan  pro- 
posed a  series  of  retorts  of  this  type  is  operated,  the  hot  gases  passing 
into  retort  1,  out  of  1  and  into  2,  and  so  on,  as  far  as  feasible.  When 
the  shale  in  retort  I  is  spent,  it  is  discharged  and  the  retort  is  filled 
with  fresh  shale.    Retort  2  then  receives  the  gas  first  and  retort  1  last. 

Two  or  three  proposed  vertical  retorts  are  internally  heated  by 
the  combustion  of  the  spent  shale  in  the  lowur  part  of  the  retort 
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Fixed  distillation  gases,  burned  with  the  spent  shale  within  the 
tort,  may  be  used  as  a  supplementary  fuel.  Products  of  combustion 
pass  upward  through  the  retort  in  contact  with  the  distilling  shale. 
These  retorts  are  usuaUy  designed  to  operate  continuously,  and 
steam  may  be  used  to  aid  the  distillation. 

6.  HORIZONTAL  OR  IKGLINED  ROTARY  CTTUNDRIGAL  RETORTS. 

Most  of  the  rotary  cylindrical  retorts  are  more  or  less  like  a 
cement  clinkering  kiln,  and  are  designed  to  operate  continuously. 
They  are  externally  heated,  and  are  usually  inclined  about  15^  from 
the  horizontal.  Hie  retort  is  set  in  a  furnace  and  rotated  by  gears 
driven  by  electric  motors  or  steam  engines.  Shale  is  fed  at  the  cooler, 
higher  end  and  passes  downward  through  the  retort  and  out  at  the 
lower  end.  The  rotation  of  the  retort,  sometimes  supplemented  by 
vanes  or  spiral  baffles,  causes  the  shale  to  move  downward  at  a  uniform 
rate.  In  some  of  the  retorts  provision  is  made  for  taking  the  vapors 
off  at  several  points.  A  proposed  type  of  this  retort  is  60  feet  long 
and  30  inches  in  diameter. 

7.  MISCXUiANIfiOnS  TYPES  OF  RETORTS. 


One  inventor  treats  his  shales  in  a  digestion  bath  of  hot  oil,  re- 
covering light  oils  by  distillation  from  the  bath  direct  and  heavy  oils 
by  removing  the  bath  oil  from  the  digester,  separating  the  spent 
shale  from  it,  and  distilling  the  bath  oil,  which  now  carries  the 
heavier  products  resulting  from  distillation  of  the  shale.  This 
process  is  designed  to  operate  continuously,  the  refining  of  the  shale 
oil  furnishing  the  bath  oil,  a  constant  amount  of  which  is  kept  in 
the  system.  Another  inventor  combines  this  principle  with  that  of 
ordinary  destructive  distillation ;  a  bucket  conveyer  carries  the  shale 
into  and  through  the  hot  oil  bath;  the  same  conveyer  carries  the 
residual  shale  from  the  oil  bath  to  another  externally  heated  vertical 
retort,  in  which  ordinary  destructive  distillation  takes  place. 

Other  miscellaneous  types  of  retorts  are:  (1)  Closed  ovens  in 
which  cars  containing  raw  shale  are  admitted  and  from  which  they 
are  withdrawn  when  the  shale  is  spent,  the  vapors  being  taken  off 
through  openings  in  the  oven  walls;  (2)  cylindrical  retorts  externally 
heated  and  given  an  oscillating  motion  during  distillation;  (8)  one 
investor  proposes  to  drill  vertical  holes  into  the  shale  deposits  and 
set  up  intercommunicating  passages  between  holes  by  exploding 
powder  in  the  bottoms  of  the  holes.  It  is  then  proposed  to  pass 
superheated  steam  down  the  central  hole  and  pecover  the  products 
distilled  by  the  steam  from  the  others. 

This  discussion  gives  only  the  barest  outline  of  the  more  com- 
Bonly  proposed  types  of  retorts  for  tieating  oil  shales  in  the  United 
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States.  Possibly  some  have  been  omitted,  as  new  ones  are  being  pro- 
posed continually.  Some  of  the  proposed  retorts  can  be  rejected  by 
the  engineer  as  being  constructed  on  basically  unsound  principles; 
and  others,  which  appear  to  have  favorable  features,  can  not  have 
their  commercial  value  determined  until  they  are  operated  in  a  com- 
mercial manner.  As  previously  noted,  few  of  the  above  types  have 
been  operated  on  a  scale  sufficient  to  give  much  of  an  idea  of  their 
feasibility  under  commercial  conditions,  and  many  of  them  exist 
only  on  paper  or  in  the  minds  of  their  inventors. 

Tablb  23. — Oilrahale  retorts  proposed  for  use  in  the  United  States.* 


Name. 


Anderson 

Beam  (American  Con- 
tinuous). 

Bishop 

Brown 

Busaey 

Catlin 

Chew 


Colorado  Continuous. 
Day-Heller 


Del  Monte. 
Erickson.. 


Fusion . . 
Galloupe. 

Olnct 

Hedges.. 


Jensoo. 
Johns.. 


Jonos.. 
Lesley. 


National. 
Porter. . . 
Randall. 


Ryan 

Scott.... 
Bimpsoix. 
Simplex . 

Stalman. 


Wallace 

Wingett 

Wbittaker-Pritchard . 

Young 


{ 


lb 
lb 

lb 
6 
6 
5 

3b 

3b 
3b 

la 
3a 

6 

3b 
la 
6 

la 

2 

3b 
6 

6 
3b 

7 

3a 
6 
2 

3a 

4 

3b 

3b 

5 

2 


Inventor  or  owner. 


Anderson  Shale  Oil  Go 

American    Continuous    Retort 
Co. 

Bishop,  J.  A 

Brown,  H.  L 

Bussey.C.  C 

Catlin,  R.  U 

Chew,  L.  F 


Krushnlc,  E.  L. 
The  Day  Co 


Prevost,  C.  A , 

Rainbow  Petroleum  Products 
Co. 

Fusion  Corporation  (Ltd.) 

Western  Shale  Oil  Co 

ainet,  J.  H 

Hedges,  E.  E 


Jenson,  X.  B. 


Industrial  Process  Engineering 
Co. 

Jones,  Frank 

Lesley,R.  L 


National  Rotary  Retort  Co. 

Porter  Process  Co 

RandaU,J.  W.H 


National  Oil  Machinery  Co 

American  Engineering  Associates 

Simpson,  L 

Moimt  Logan  Oil-Shale  Mining 

&  Refining  Co. 
Stalman,  O 


} 


WaUaoe,  O.  W 

Troy- American  Petroleum  Co.. 

Fuel  Products  Corporation 

Young,  A.  V 


Address. 


leo  South  Broadway,  Denver,  Cdo. 
340  Gas  &  Electric  Building,  Denver, 

Colo. 
12S5  Lafayette  Street,  Denver,  Colo. 
265  WashJnctoa  Avenoe,  Newark,  N.  J. 
Brooklyn.^.  Y. 
Franklin  Furnace.  N.  J. 
Eighteenth  and  Blake  Streets,  Denver, 

421  Cooper  Building,  Denver,  Colo. 
414  Hobart  Building,  San  Franclae«, 

Calif. 
Southern  Building,  Washington,  D.  C. 
410  Judge  BuUding,  Salt  lake  aty, 

Utah. 
Cledford,  Cheshire,  England. 
Qrand  Junction,  Colo. 
Temple  Court  Building,  Denver,  Colo. 
University  of  Kentucky,  Lexington, 

Kv 
823  Mclntyre  BuUding,  Salt  Lake  City, 

Utah. 
Rialto  Theater  Building,  St.  Loois,  Mo. 

Salt  Lake  City,  Utah. 

611  Pennsylvania  Building,  PhOadel 

phia,  Pa. 
42  Root  Buadhiff,  Buflak),  N.  Y. 
409  Byrnes  Building,  Denver,  Colo. 
15  East  Fortieth  Street,  New  York* 

N.Y. 
1270  Broadway,  New  York,  N.  Y. 
979  Woodward  Avenue,  Detroit,  Mich. 
172  O'Connor  Street,  (Htawa,  Canada. 
De  Beque,  Colo. 

319  Ness  Buflding,  Salt  Laka  aty, 

Utah. 
/412  Missouri  Avenue,  East  St.  Louis, 

\  m. 

1214  First  National  Bank  Building, 

Denver,  Colo. 
110  West  Fortieth  Street,  New  York, 

N.Y. 
De  Beque,  Colo. 


a  This  table  includes  the  names  of  those  retorts  that  have  been  most  frequently  mentioned  in  connection 
with  the  treatment  of  oil  shale  in  the  United  States.  Many  others  have  been  proposed.  Few  of  those 
mentioned  havo  reached  the  staee  of  successful  demonstration. 

^  Type  classification  refers  to  that  of  the  foregoing  t^ct. 

Anyone  studying  the  various  designs  of  retorts  in  connection  with 
the  history  of  the  oil-shale  industry  of  Scotland  is  struck  by  the 
fact  that  many  of  the  types  proposed  have  been  tried  and  rejected 
by  the  Scottish  operators  as  inefficient  or  impractical,  or  have  been 
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r^aoed  by  better  methods.  This  fact  does  not  necessarily  condemn 
them  for  use  in  treating  American  shales,  which  undoubtedly  differ 
from  the  Scottish  shales;  but  it  is  suggested  that  persons  contem- 
plating the  erection  of  retorts  in  this  country  ascertain  if  the  ap- 
paratus they  propose  to  erect^  or.  a  type  similar  to  it,  has  ever  been 
tried  elsewhere,  and  if  possible  determine  the  reason  why  it  was 
not  used. 

Another  important  fftct  is  that  most  inventors  of  oil-shale  re- 
torts are  paying  little  attention  to  the  principles  of  destructive 
distillation,  and  seemingly  have  little  regard  for  the  kind  of  oil 
or  other  products  their  retort  will  produce.  The  interrelation  of 
retorting  and  refining  are  discussed  elsewhere  (p.  116),  but  it  is 
apropos  to  point  out  here  that  the  nature  of  the  crude  oil,  the  degree 
of  refining  it  will  require,  and  the  quality  and  quantity  of  finished 
products  that  can  be  produced  from  it  depend  materially  on  the 
conditions  under  which  the  crude  oil  is  produced.  Many  inventors, 
apparently  trying  to  devise  a  retort  with  a  large  output  of  crude 
oil  per  unit  of  time  and  installation,  are  overlooking  the  fact  that 
they  must  produce  an  oil  of  good  refining  quality.     (See  also  p.  174.) 

It  is  possible  that  different  types  of  retorts  or  different  retort- 
ing conditions  may  be  required  to  produce  crude  oils  containing 
maximum  quantities  of  different  desired  products.  It  is  also  pos- 
sible that  different  shales  will  require  different  types  of  retorts 
and  conditions  of  retorting  for  satisfactory  treatment.  For  this 
reason  the  fact  that  a  certain  type  of  retort  does  not  prove  satis- 
factory for  a  particular  shale  may  not  indicate  that  the  retort  will 
not  handle  satisfactorily  a  different  shale. 

ACQUISITION    OF   OIL-SHALE   DEPOSITS   OK   PUBLIC    LANDS. 

Large  oil-shale  deposits  on  public  lands  were,  in  1921,  opened 
for  lease  by  the  Federal  Government,  under  the  terms  of  an  act 
of  Congress  approved  February  26,  1920,  entitled  "  An  act  to  pro- 
mote the  mining  of  coal,  phosphate,  oil,  oil  shale,  gas,  and  sodium 
on  the  public  domain,'^  and  known  as  the  mineral  leasing  act. 

The  rules  and  regulations  governing  the  issuance  of  such  leases 
are  given  in  Greneral  Land  Office  Circular  671,  entitled  "  Regula- 
tions Concerning  Oil-Shale  Leases  Authorized  by  the  Act  of  Febru- 
ary 25,  1920.  (Public  No.  146.)"  Persons  interested  in  this  sub- 
ject should  address  a  request  for  this  circular  to  the  Commissioner 
of  the  Ctoneral  Land  Office,  Washington,  D.  C.  If  a  lease  is  desired, 
application  should  be  made  to  the  register  of  the  proper  land  office, 
and  he  will  give  the  necessary  instructions  and  supply  the  requited 
forms. 
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The  wpervision  of  oU-sbale  mining  operations  is  under  the 
3  uxifidietion  of  the  Bureau  of  Mines.  A  pamphlet  entitled  '^  Operat- 
ing Begulations  to  Govern  the  Methods  of  Mining  Oil  Shale,  Phos- 
phate, Sodium,  and  Potash,  Under  the  Acts  Approved  February  25, 
1920  (41  Stat.  437),  and  October  2,  1917  (40  Stat.  297),  and  the 
Safety  and  Welfare  of  the  Employees  in  Connection  Therewith," 
has  been  issued  by  the  bureau  for  the  benefit  of  those  interested  and 
may  be  had  upon  application  to  the  Director,  Bureau  of  Mines, 
Washington,  D.  C,  or  to  the  registrar  of  the  local  land  office. 

Because  of  the  many  points  of  law  involved,  as  well  as  con- 
flicting  claims,  it  is  impossible  to  give  definite  rules  to  pursue  in  ob- 
taining oil-shale  leases,  and  person!s  interested  in  leasing  and  operatr 
ing  dieposits  on  the  public  domain  should  submit  their  cases  to  the 
reg^ter  of  the  local  land  office  for  individual  consideration. 

AGQXnsiTION  OF  OIL-SHALE  LAND  BY  LOCATION. 

Prior  to  the  leasing  act  of  1920,  oil-shale  locations  were  made  un- 
der placer  regulations.  The  General  Land  Office  has  ruled  that 
where  such  locations  were  in  all  respects  legal  and  regular  they 
may  go  to  patent  like  ordinary  mining  claims.  A  few  patents  have 
already  been  granted  to  oil-shale  locators.  Other  patents  may  be 
expected  to  be  issued  to  tJiose  who  have  fully  complied  with  the 
law  and  located  their  claims  before  the  approval  of  the  act  of 
February  25, 1920.  Certain  shale  lands  are  of  course  already  owned 
in  fee  simple,  and  therefore  it  may  be  possible  to  acquire  deposits 
from  their  legal  owners* 

Considerable  caution  should  be  used  in  purchasing  oil-shale  lands 
from  alleged  owners,  as  the  titles  are  often  not  at  all  clear  and  many 
are  now  ^l  dispute.  Many  land  surveys  in  the  shale  districts  have 
been  only  preliminary,  and  later  surveys  may  be  expected  to  change 
some  boundaries.  It  is  reported  that  there  have  been  many  cases  of 
claim  jumping  and  fraudulent  entry  in  claiming  oil-shale  lands,  par- 
ticularly in  Utah  and  Colorado.  Therefore,  the  prospective  pur- 
chaser of  such  land  is  advised  to  take  particular  care  to  ascertain 
that  the  title  to  the  land  is  clear  before  he  purchases.  Purchasers  are 
also  warned  not  to  deal  with  companies  who  claim  they  can  obtain 
land  under  a  special  agreement  or  arrangement  with  the  United 
States  Government,  as  no  such  terms  exist  or  would  be  allowed. 

ECOlf OiaC  DCPOBTANCE  OF  OH  SHALES  TO  THE  tmiTED  STATES. 

The  great  economic  importance  of  oil  shales  is  that  when  the 
industry  is  properly  developed  the  United  States  will  have  a  new 
domestic  supply  of  n^ineral  oils,  which  can  not  be  cut  off  in  time  of 
war,  whether  military  or  economic.    UntU  the  oil-shale  resources  are 
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developed,  the  comforting  assurance  may  be  had  that  here  is  the 
raw  material  for  a  new  supply  of  mineral  oils  which,  come  what  may, 
will  always  be  ready  to  help  meet  the  Nation's  demands  for  oil,  no 
matter  what  the  world's  petroleum  situation  may  be.  As  so  many 
have  expressed  it,  our  oil-shale  deposits  constitute  a  rear  line  of 
economic  defense  in  assuring  the  United  States  a  home  supply  of 
mineral  oils. 

The  oil  shales  are  of  great  economic  importance  and  interest  to 
the  States  in  which  they  occur.  Mention  is  made  (p.  128)  of  the  sup- 
ply of  miners  and  other  laborers  necessary  to  develop  and  operate 
a  great  oil-shale  industry  in  this  country.  Most  of  these  laborers 
will  be  brought  into  the  shale  districts  from  remote  regions,  will 
live  in  the  shale  fields,  and  with  their  families  earn  and  spend  their 
money  in  the  same  locality.  The  enormous  capital  to  be  invested  in 
the  shale  industry  will  add  to  the  wealth  and  taxable  properties  of 
the  States  in  which  the  money  is  invested.  Auxiliary  industries  will 
develop,  which  again  will  add  to  the  population,  prosperity,  and 
wealth  of  the  shale  regions.  Transportation  must  be  fumi^ed  to 
the  shale  districts  now  not  adequately  supplied  with  it  and  this 
should  help  also  to  open  up  new  mining  and  agricultural  districts. 
Oil  products  may  be  relatively  cheaper  in  the  regions  close  to  the 
shale  districts  than  in  other  parts  of  the  country.  The  availability 
of  cheap  fuels  near  the  shale  districts  will  do  much  to  develop  unused 
agricultural  districts  of  great  potentiality  which  occur  close  to  the 
shale  fields  of  the  West 

With  the  possible  exception  of  certain  products,  it  is  probable  that 
shale  oil  will  not,  for  a  long  time,  enter  into  the  country's  foreign 
trade.  It  would  seem  that  all  the  shale  oil  that  can  be  produced  in 
this  country  for  a  great  many  years  will  be  consumed  within  the 
borders  of  the  United  States. 

PBOBLEMS  OF  AH  AKEBICAH  OIIrSHALE  DTDirSTBT. 

The  oil-shale  industry  of  the  United  States  is  still  in  an  experi- 
mental stage,  and  it  is  to  be  regretted  that  much  of  the  experimental 
work  is  not  being  conducted  with  regard  to  the  problems  that  will 
have  to  be  solved  in  commercial  work.  The  production  and  refining 
of  shale  oil  is  a  chemical  manufacturing  operation  and  should  be 
directed  and  controlled  by  experts.  It  is  a  fact  that  at  present  the 
majority  of  those  working  on  oil  shale  have  little  or  no  knowledge  of 
the  technique  and  the  technical  problems  presented  by  the  substances 
they  handle  and  the  possible  products.  The  oil-shale  industry  is  one 
to  which  much  technical  knowledge  and  skill  will  have  to  be  applied 
before  it  can  become  a  successful  commercial  enterprise  of  first  im- 
portance. 
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In  an  earlier  section  (Table  22,  p.  96)  a  summary  of  the  relative 
costs  of  the  different  operations  of  producing  refined  products  from 
oil  shale  in  Scotland  was  presented.  The  cost  of  mining  the  shale  was 
more  than  half  (53  per  cent)  the  total  cost  of  producing  refined 
products.  It  is  to  be  expected  that  with  American  shales  and  under 
local  conditions  costs  may  differ  and  the  same  relative  distribution 
not  apply.  The  figures  from  Scotland,  however,  should  be  of  interest 
a&  a  basis  for  cost  considerations  and  should,  in  a  way,  indicate  where 
the  greatest  efforts  toward  reducing  costs  should  be  made. 

Many  of  our  shales  may  be  worked  more  readily  than  Scottish 
shales,  but  clearly  the  cost  of  mining  will  make  up  a  large  part  of  the 
total  cost  of  producing  and  refining  shale  oiL  Mining  methods 
and  the  possible  reduction  of  mining  costs  should,  therefore,  be 
given  serious  and  thorough  consideration.  In  all  probability  a  sav- 
ing of  10  per  cent  in  the  cost  of  mining  will  be  much  more  important 
than  one  of  10  per  cent  in  retorting  and  refining. 

Oil  shale  is  tougher  than  coal;  most  of  the  deposits  are  horizontal 
or  nearly  so;  and  those  in  the  Bocky  Mountain  region  usually  out- 
crop high  up  in  the  walls  of  canyons  and  lie  at  altitudes  of  5,000  to 
8,000  feet  Most  mining  engineers  believe  that  oil  shale  from  such 
deposits  will  be  mined  by  methods  similar  to  those  used  in  coal 
"lining  and  at  about  a  similar  cost.  The  impression  has  been  created 
that  shale  can  be  mined  by  open-cut  or  quarrying  methods  permit- 
ting the  use  of  steam  shovels.  Although  this  is  undoubtedly  true  of 
some  shales  in  the  Eastern  States,  there  are  probably  few  deposits 
in  Colorado,  Utah,  or  Wyoming  where  steam-shovel  methods  can  be 
employed.  In  the  latter  region  the  workable  seams  are,  as  a  rule, 
relatively  thin,  and  are  usually  covered  by  comparatively  great  thick- 
nesses of  overburden.  It  is  now  believed  that  most  of  these  oil  shales 
wiU  be  miaed  by  underground  methods  similar  to  those  used  in  min- 
ing coal. 

However,  the  thickness  and  richness  of  the  western  shale  beds  are 
accurately  known  only  in  a  comparatively  few  places,  although  most 
of  the  seams  seem  to  be  rather  uniform  in  thickness  and  oil  yield. 
Comprehensive  core  drilling  or  some  other  means  of  determining  the 
thickness  of  the  various  seams  and  of  obtaining  accurate  samples  of 
the  geologic  column  in  the  shale  formations  will  do  much  to  deter- 
mine the  feasibility  of  various  methods  of  mining.  Core  drilling  was 
done  by  a  few  companies  in  the  shale  district  near  De  Beque,  Colo., 
in  1921  and  1922,  but  complete  results  of  the  work  have  not  yet  been 
made  public. 

Plans  for  most  contemplated  workings  in  the  western  shale  fields 
consider  that  the  shale  will  be  mined  by  drifts  entering  from  the  out- 
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crop,  and  the  retorting  plant*  will  be  on  the  hillside  between  mine 
entry  and  valley  floor  or  on  the  valley  floor.  Consideration  has  also 
been  given  to  the  possibility  of  placing  the  retorting  plants  on  the 
tops  of  the  mesas  or  plateaus  and  mining  the  shale  by  shafts  from  the 
mesa  top.  Shaft  mining  may  often  be  cheaper  than  tunnel  mining, 
especially  when  mining  is  conducted  at  a  considerable  distance  from 
the  outcrop.  In  this  case  the  average  underground  haul  to  a  centrally 
located  shaft  will  often  be  so  much  less  than  that  through  a  long 
drift  that  it  will  pay  to  install  expensive  hoists. 

It  is  not  probable  that  many  western  mines  will  be  worked  through 
shafts,  at  least  not  until  most  of  the  shale  near  the  outcrops  has  been 
Tnined.  Although  the  tops  of  the  mesas  provide  go6d  sites  for  works 
and  towns,  and  ample  space  for  dumping  spent  shale,  which  the 
valleys  and  hillsides  do  not  always  furnish,  these  advantages  are 
offset  by  the  probable  difficulty  of  securing  water  supplies  on  the 
mesa  tops,  the  severe  winter  climate  and  heavy  accumulation  of  snow, 
and  the  difficulty  of  supplying  transportation. 

In  many  of  the  Eastern  States  the  black  oil  shales  overlie  coal 
seams  and  are  removed  with  the  coal  in  open-pit  or  stripping  opera- 
tions. In  such  places,  or  in  similar  places  where  the  shale  lies  close 
to  the  surface,  it  is  probable  that  steam-shovel  mining  will  be  feasible. 
Most  of  the  black  shales  of  the  Eastern  States  are  not  very  rich  in 
point  of  oil  production,  and  it  is  likely  that  reduced  mining  costs  will 
be  largely  offset  by  the  necessity  of  mining  more  shale  to  get  a  yield 
of  oil  equivalent  to  that  produced  from  a  smaller  quantity  of  the 
richer  shales  of  the  Rocky  Mountain  district. 

It  is  expected  that  the  shales  will  furnish  good  walls,  and  that  the 
problem  of  supports  will  be  no  more  difficult  to  solve  than  in  coal 
mining.  However,  in  this  regard  it  may  be  well  to  quote  from  an 
Australian  publication  "  on  the  mining  of  some  of  the  rich  oil  shales 
in  the  State  of  New  South  Wales,  as  similar  conditions  may  perhaps 
be  met  in  shale  mining  in  the  United  States : 

Both  "  longwall  **  and  "  pUlar-and-stall "  systems  of  extraction  have  been 
adopted ;  in  the  latter  the  pillars  are  subsequently  removed.  In  the  present 
working  mines — Genowlan  and  New  Hartley — ^the  workings  are  on  the  "long- 
wall  '*  system.  Here  explosives  are  unnecessary  for  breaking  down  ttte  seam ; 
on  the  contrary,  great  danger  Is  experienced  from  the  continuous  cracking 
and  shooting  of  the  kerosene  shale  as  the  roof  settles  on  the  lace.  The  nn- 
yielding  nature  of  the  top  holing,  which  consists  of  a  band  of  hard  cannel 
forming  the  top  of  the  shale  seam,  affords  no  relief  to  the  vertical  pressure. 
Where  soft  bituminous  coal  forms  the  roof,  it  gives  or  crushes  under  stress, 
and  thus  to  some  extent  relieves  the  enormous  pressure  of  the  superincumbent 
Ooal  Measures  and  overlying  Hawkesbury  series  on  the  tough,  semielastic 
kerosene  shale.    Where  lateral  expansion  is  rendered  possible  by  open  spacer— 


«» Came,  J.  E.,  The  kerosene  ahale  deposiu  of  New  South  Wales :  Memoir  Geol.  Surrey 
New  South  Wales,  1908,  pp.  84-^G. 
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L  e.,  wprkiJDg  faces — the  tension  is  so  great  that  cracking  and  shooting  are 
almost  continuous  as  settling  proceeds.  Further  release  by  holing  is  therefore 
attended  with  considerable  risks  to  the  miners,  who  are  compelled  to  work 
l)ehlnd  breast  boards  and  cover  their  eyes  with  wire-gauze  guards  as  protec- 
tion against  flying  fragments  of  keen-edged  shale.  The  tendency  of  kerosene 
shale  to  conchoidal  fracturing  under  stress  at  right  angles  to  the  stratification 
increases  the  development  of  sharp  edges  which  cut  like  knives.  Numerous 
accidents  have  resulted,  some  unfortunately  attended  with  serious  impairment 
of  sight 

Similar  phenomena  have  been  noted  by  -Mr.  E.  C.  Andrews,  geological 
surveyor,  in  connection  with  the"  kicking"  or  "spitting"  shale  of  the  Baker's 
Creek  Proprietary  Gold  Mine,  at  HiUgrove,  where  at  unfortunate  miner  was 
cut  In  two  by  a  large  flying  fragment  whicb  had  previously  passed  through  a 
3-inch  by  2  inch  scantling.  The  slightest  disturbance  of  the  apparent  equilibrium 
between  compression  and  expansion,  caused  by  drill  or  hammer,  in  this  instance 
also  caused  sharp-edged  conchoidal  fragments  to  fly  off  with  extreme  violence. 

At  Joadja,  where  the  overburden  !s  greatly  less,  and  where  also  in  the 
early  workings  soft  bituminous  coal  formed  both  top  and  bottom  holing,  the 
tension  of  the  face  was  so  slight  that  no  trouble  was  experienced  from 
"  shooting/*  In  tlie  present  workings  under  heavier  cover,  with  the  pressure 
unrelieved  by  a  yielding  coal  medium  on  roof  or  floor,  a  tendency  to  "  shoot " 
is  being  manifested.  Explosives  (gelignite)  are  used  for  breaking  down,  as 
it  is  also  used  at  Qenowlan,  together  with  compressed  powder,  for  *'  brushing  " 
or  deepening  the  roadways,  the  latter  being  used  in  the  New  Hartley  workings. 

None  of  the  kerosene  shale  workings  have  been  troubled  with  flre  damp, 
naked  light  always  being  used,  in  which  paraffin  wax  or  heavy  oil  is  burned. 
Scotch  shale  mining  is  similarly  free  from  natural  gases. 

Ventilation  in  all  cases  is  by  air  shafts  and  furnaces. 

MINE  OASES   AND  THE  EXPLOSIBIIilTY  OF  OIL-SHALE  DUST. 

In  an  earlier  section  (p.  61)  the  author  has  pointed  out  that  the 
Scottish  miners  have  not  been  seriously  troubled  with  explosive  or 
poisonous  gases  in  the  shale  workings,  and  that  the  dust  produced 
in  shale  mining  in  Scotland  is  not  inflammable  or  explosive.  The 
preceding  section  also  indicates  that  dangerous  gases  were  not  en- 
countered in  mining  the  rich  Australian  shales.  These  facts  must 
not  be  taken  positively  to  indicate  that  similar  conditions  will  prevail 
in  American  shale  mines.** 

As  to  explosive  gases,  rich  American  oil  shales  give  off  a  strong 
odor,  like  petroleum  when  freshly  broken,  and  the  writer  has  been  ad- 
vised pf  one  abale  mine  where,  after  each  shot,  gas  smelling  much 
like  natural  gas  was  given  off  freely  and  could  be  detected  at  a  short 
distance  from  the  mine  entry  for  some  time  after  a  shot.*' 


lAfioottlab  ibale  mines  are  not  altogeUier  free  from  inflAmmahle  gaees.  lo  December, 
1922,  wbUe  two  mineni  were  making  a  regular  weekly  iaspection  of  waste  in  a  sectios 
of  one  of  the  mines  in  the  Scottish  shale  fields  where  the  pillars  were  being  removed,  gas, 
in  some  way  not  yet  explained,  became  Ignited,  and  though  the  explosion  was  not  severe, 
the  afterdamp  resulting  caused  the  death  of  the  men  whose  lights  had  been  extinguished, 
and  who  were  therefore  noable  to  find  their  way  out.  At  the  time  the  miners  were 
carrying  safety  lamps  which  were  afterwards  inspected  and  found  to  be  in  perfect  con- 
dition. 

^Jenson,  J.  B.,  Personal  communication,  1920. 
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There  is  a  possibility  that  oil-shale  dust  may  present  a  source  of 
danger  in  American  shale  mines,  particularly  where  rich  shale  is  be- 
ing worked.  At  the  Pittsburgh  experiment  station  of  the  Bureau  of 
Mines,  tests  of  a  Colorado  oil  shale,  estimated  by  the  writer  to  yield 
about  35  gallons  of  oil  to  the  ton,  led  to  conclusions^*  that  the 
oil-shale  dust  can  not  be  considered  highly  inflammable.  ^Hie 
dust  will  probably  not  be  ignited  by  the  flame  from  an  ordinary 
blown-out  shot,  but  is  fully  capable  of  propagating  an  explosion 
once  started."  Similar  tests  of  shales  from  this  and  other  districts 
are  now  being  made  to  determine  whether  the  richness  and  mineral 
composition  of  an  oil  shale  have  important  bearing  on  its  explosi- 
bility. 

It  is  recommended  that  miners  working  in  rich  oil  shale  take  the 
same  precautions  that  they  would  when  working  a  gassy  or  dusty 
coal  seam,  until  such  time  as  they  are  certain  that  no  dangerous  con- 
ditions in  the  way  of  gas  and  explosive  dusts  are  to  be  encountered. 

The  State  of  Colorado  has  already  provided  that  the  mining  of  oil 
shale  wUl  come  under  the  jurisdiction  of  the  State  bureau  of  mines. 
At  first,  at  least,  it  would  seem  that  the  State  bureau  will  require 
the  same  precautions  to  be  taken  in  shale  mining  as  are  observed  in 
mining  coal.  The  following  ^^  indicates  the  attitude  of  the  Colorado 
bureau,  and  also  gives  further  information  as  to  the  p'ossible  hazards 
to  be  encotmtered  in  oil-shale  mining : 

lOKIKO  BSGULATIONS. 

The  attention  of  aU  shale  mine  operators  In  Colorado  is  caUed  to  the  fact 
that,  under  the  existing  laws  a  shale  mine,  like  aU  mines  and  quarries,  except 
coal  mines,  comes  under  the  Jurisdiction  of  the  [State]  bureau  of  mines;  also 
a  shale-retorting  plant  is  a  metallurgical  plant  and  is  under  the  same  jurisdic- 
tion. It  is  the  duty  of  the  commissioner  of  mines  to  make  such  rules  and 
regulations  as  are  necessary,  in  addition  to  the  statutes,  to  reduce  the  hazards 
of  mining  and  metallurgical  operations  as  far  as  circumstances  permit  and  to 
safeguard  in  erery  possible  way  the  lives  and  health  of  the  miners  and  other 
workers.  The  mine  inspectors  are  to  see  that  the  laws,  ruli>s,  and  regolatioDS 
are  observed  and  to  make  such  recommendations  as  may  be  necessary  to  carry 
out  the  spirit  of  the  law. 

Any  person  or  corporation  starting  operations  Is  required  by  law  to  notify 
the  bureau  of  mines  so  that  the  inspectors  may  not  overlook  any  operating 
properties. 

At  this  time  it  appears  probable  that  the  first  shale  mining  on  a  commercial 
scale  will  be  underground,  using  the  same  methods  as  in  mining  coaL  Con- 
sequently the  same  hazards  will  be  encountered  and  the  same  precautioiis  must 
be  observed  as  in  coal  mining.  Open-cut  mining  or  quarrying  must  be  coo- 
ducted  under  the  same  regulations  as  are  observed  in  other  quarries. 

^  Leighton,  AUd,  and  Lents,  H.  B.,  The  ezploaibiUty  of  oil  shale :  Report  of  the  Pltti- 
tmrgh  experiment  station  of  the  Bureau  of  Bilnes,  1920. 

"Lunt,  H.  F.,  Dairy mple,  J.,  and  Duce,  J.,  The  oil  shales  of  northwestern  Golonds: 
Colorado  State  Bnreau  of  Mines  BuiL  No.  8,  1818,  pp.  45-40. 
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In  imdngToiuid  shale  mines  there  is  a  possibility  that  inflammable  gas  will 
be  encountered.  There  does  not  appear  to  be  enough  gas  to  be  dangerous  in 
the  diale  itself.  There  is,  however,  a  considerable  amonnt  of  inflammable  gas 
in  the  underlying  strata,  as  shown  by  numerous  gas  wells  at  De  Beque  and 
elsewhere.  It  is  quite  possible  that  this  gas  may  flnd  its  way  into  the  shale 
through  cracks  or  minute  fissures  in  the  underlying  rocks.  If,  in  the  course  of 
mining,  one  of  these  fissures  is  tapped,  the  gas,  being  under  pressure,  will 
escape  into  the  mine,  forming  an  explosive  mixture  with  the  air,  and  if  it 
comes  in  contact  with  an  open  flame  or  spark  an  explosion  will  result  To 
guard  against  this  it  will  be  necessary,  after  shots  are  fired,  to  have  the  mine 
Inspected  by  a  qualified  fire  boss  before  the  employees  are  allowed  to  enter  it. 

Another  source  of  danger,  and  one  that  is  certain  to  be  present,  is  the  dust 
Mining  operations  of  any  sort  are  oonducive  to  the  formation  of  large  quantities 
of  fine  dust  which  collects  on  the  fioors  and  irregularities  of  the  walls  of  the 
workiiig&  Shale  dust  is  higlily  inflammable  **  and  like  coal  dust  fiour  dust 
or  the  dust  of  any  other  combustible  substance,  will,  under  certain  conditions, 
form  a  dangerously  explosive  mixture  with  air.  This  explosive  mixLilfU"Vli> 
be  ignited  by  the  open  flame  of  a  miner's  lamp  or  by  the  blasts  of  the  explosives 
used  to  break  down  the  shale.  Coal  dust  is  rendered  innocuous  by  humidity, 
which  renders  it  plastic  and  prevents  it  being  held  in  suspension  in  the  mine 
atmosphere.  The  necessary  moisture  is  supplied  either  by  the  direct  use  of 
water,  applied  with  a  sprinkler,  or  by  steam.  In  the  latter  case^  in  cold 
weather,  the  steam  is  used  to  raise  the  cold  air  entering  the  mine  to  mine 
temperature  by  means  of  radiators,  and  is  then  turned  into  the  air  to  give  it 
the  desired  humidity. 

Where  it  is  not  practicable  to  use  steam  or  water,  coal  dust  is  mixed  with 
stone  or  adobe  dust  so  that  there  is  at  least  65  per  cent  of  the  latter  present  in 
the  mine  dust  under  which  conditions  it  will  not  form  explosive  mixtures 
with  the  air.  It  seems  probable  that  the  latter  method  will  have  to  be  used 
in  shale  mining,  as  indications  are  that  shale  dust  does  not  easily  combine  with 
water. 

It  will  require  larger  quantities  of  explosive  to  break  the  shale  than  are 
used  in  coal  mining,  and  the  blasting  will  raise  its  temperature  materially. 
It  is  very  possible  that  the  heat  generated  in  blasting  will  be  sufficient  to  cause 
a  slight  distillation  of  the  lighter  and  more  dangerous  inflammable  gases  from 
the  hydrocarbons  in  the  shale.  To  remove  such  gases,  as  well  as  the  smoke 
and  gases  from  the  blasting,  will  require  an  adequate  and  reliable  supply  of 
air,  properly  conducted  to  the  working  faces. 

With  the  above-described  conditions  to  be  met,  it  wiU  be  necessary  in  order 
to  secure  reasonable  safety,  to  have  all  blasting  done  by  a  properly  qualified 
shot  firer  after  the  other  employees  have  left  the  mine,  to  use  only  permissible 
explosives,  to  use  only  electric  lamps  underground,  and  to  have  a  mine  foreman 
who  holds  a  flrst-^dass  certificate  from  the  [State]  coal  mining  department 

CBUSHING  OIL  SHALE. 

Oil  shale  must  be  broken  or  crushed  before  it  is  retorted,  and  the 
type  of  crusher  required  will  natoraUj  depend  largely  on  the  degree 
of  fineness  to  which  the  shale  is  to  be  reduced.  This  in  turn  may  de- 
pend largely  on  the  type  of  retort  used.    As  yet  there  is  little  in- 

»The  inflammaMlfty  of  shale  dost  may  be  ehown  by  lettiog  a  handful  of  It  trickle 
tttrongh  a  IkH  flame.    Tbe  particlea  wlU  ignite  and  fflye  the  effect  of  a  miniature  roxnan 
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formation  available  on  the  most  suitable  size  of  shale  for  retorting, 
and  the  size  may  vary  with  different  shales  and  with  different  re- 
torts.    (See  p.  178.) 

For  crushing,  or  rather  breaking,  toothed  roUs  do  the  work  satis- 
factorily in  Scotland,  but  it  will  be  remembered  that  pieces  of  shale* 
often  as  large  as  a  building  brick,  are  put  in  a  Scottish  retort,  and 
that  the  average  size  of  shale  retorted  is  fairly  large.  Toothed  rolls 
should  be  suitable  in  the  United  States  if  the  shale  is  not  to  be  re- 
duced to  very  fine  pieces,  but  most  of  the  proposed  retorting  processes 
intend  to  use  shale  varying  in  size  from  half  inch  to  80  mesh.  Reduc- 
ing rich  American  shales  to  such  small  sizes  is  difficult,  as  the  shale 
is  tough  and  elastic  and  in  the  crusher  tends  to  yield  without  shat- 
tering. 

There  is  little  real  information  available  regarding  the  crushing 

of  American  oil  shales,  but  so  far,  the  hammer  mill,  ring  pulverizer, 

and  gyratory  crusher  seem  to  be  favored,  with  toothed  rolls  or 

ordinary  jaw  crushers  for  preliminary  crushing  to  sizes  varying 

from  1  to  1^  inch.  Ore-milling  practice  should  be  of  assistance  in 
solving  this  problem. 

nrTEBBELATION  OF   BETOBTING   AND   BSFINING. 

No  special  effort  is  made  in  this  bulletin  to  discuss  separately  the 
problems  of  retorting  and  refining,  as  it  can  not  be  too  strongly 
emphasized  that  these  phases  of  shale-oil  production  are  so  intimately 
connected  that  one  must  be  considered  with  the  other. 

Certain  retorting  conditions  produce  a  high  yield  of  oil,  but  the 
oil  may  be  of  relatively  poor  quality.  Other  conditions  may  give  a 
smaller  amount  of  crude  oil,  but  of  so  much  better  quality  that  it 
will  yield  a  larger  quantity  of  refined  products.  Certain  methods  of 
retorting  will  leave  most  of  the  nitrogen  in  the  spent  shale,  from 
which  it  can  be  recovered  as  ammonia  or  ammonium  compounds  if 
desired.  Other  conditions  will  cause  more  nitrogen  compounds  to  ap- 
pear in  the  oil,  from  which  they  must  be  removed  in  refining.  Cer- 
tain oils  of  poor  quality  can  be  greatly  improved  by  preliminary 
refining.  Relatively  slight  changes  in  conditions  of  retorting  some- 
times have  important  influences  on  the  nature  of  the  oil  produced, 
and  the  result  of  a  change  may  differ  in  degree  with  different  shales. 

The  broad  technologic  problem  to  be  considered  here  probably 
may  best  be  stated  as  the  determination  of  those  conditions  of  re- 
torting and  methods  of  refining  that  will  yield  the  greatest  profit. 
Generally,  this  means  those  conditions  and  methods  that  produce 
at  lowest  cost  the  maximum  quantity  of  products  for  which  there 
is  the  greatest  demand  or  for  which  the  greatest  demand  can  be 
created.  Thus,  the  problem  is  partly  economic  And  its  solution  may 
be  different  for  each  individual  plant. 
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RETOKTING  FROBLXKS. 

When  retorting  is  considered  broadly,  the  first  question  to  be  an- 
swered is  whether  Scottish  practice  can  be  adopted  entirely  for  Amer- 
ican shales  and  conditions ;  must  it  be  modified,  and  how ;  or  must  it 
be  abandoned  entirely.  The  same  considerations  hold  with  respect  to 
refining  the  shale  oils.  Scottish  practice  has  never  been  given  a  fair 
trial  on  American  shales,  and  there  is  much  that  would  lead  one  to  ex- 
pect that  the  Scottish  retort,  probably  somewhat  modified,  may  be  well 
adapted  to  treat  many  of  our  shales.  These  points  have  been  dis- 
cus^d  previously,  so  it  is  unnecessary  to  cover  the  ground  again. 

Some  rich  shales  tend  to  intumesee  in  the  retort  when  heated. 
Even  Scottish  shales  tend  to  bridge  and  dog  in  the  retort.  The 
modification  of  existing  retorts  or  the  design  of  new  types  to  over- 
come this  difficulty  is  a  matter  that  must  be  carefully  considered. 

An  important  field  for  study  is  to  determine  the  best  types  of 
material  for  retort  construction.  This  applies  to  refractories.  When 
coke  by-product  plants  were  first  introduced  into  this  country  from 
Europe,  ordinary  fire  brick  was  used  as  refractory  material  in  their 
construction,  but  American  operators  were  not  satisfied  with  the 
heat-conducting  capacities  of  such  brick  and  other  materials  were 
tried.  Other  refractories  were  utilized,  some  of  which  greatly  in- 
creased the  rate  of  heat  transmission  from  the  furnace  to  the  charge 
in  the  retort,  and  the  new  refractories  resisted  abrasion  better  than 
ordinary  fire  brick.  Oil-shale  operators  may  expect  to  obtain  much 
valuable  information  on  this  point  from  those  who  have  applied 
such  refractories  to  coke-oven  construction,  and  the  possibilities  of 
using  silica  brick,  carborundum  brick,  and  the  like  in  shale  retorts 
seem  to  be  favorable.  As  for  the  highly  heated  metal  parts  of  the 
retort,  consideration  should  be  given  to  the  possibility  of  using  re- 
cently developed  alloys  and  protected  castings,  capable  of  standing 
sustained  high  temperatures  without  deterioration. 

The  shale-plant  engineer  will  desire  information  on  various  physi- 
cal and  chemical  constants  of  the  oil  shale  that  his  plant  is  to  treat. 
Some  of  these  constants  are  specific  gravity,  weight  per  unit  volume 
when  crushed  to  different  sizes,  specific  heat,  heat  of  conductivity, 
heat  of  combustion,  and  proximate  and  ultimate  analyses.  These 
factors  naturally  differ  for  different  shales,  but  the  Bureau  of  Mines, 
cooperating  with  the  State  of  Colorado,  has  determined  them  for 
an  average  Colorado  shale,  and  they  are  presented  in  the  Appendix 
(p.  152).  Kjiowledge  of  these  factors  is  necessary,  if  best  engineer- 
ing principles  are  to  be  applied  to  oil-shale  retorts  and.  retorting 
practice.  Likewise  specific  and  latent  heats  of  the  crude  oils  and 
their  fractions  should  be  determined.  Knowledge  of  the  coefficients 
of  expansion  of  the  different  oils  will  be  essential. 
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Certain  individual  factors  that  influence  retorting,  and  thereby 
the  quantity  and  quality  of  products  obtained,  deserve  careful  study. 
Some  of  these  factors,  which  are  now  being  studied  by  the  Bureau  of 
Mines,  cooperating  with  the  States  of  Colorado  and  Utah,^*  are— 

(1)  Bate  of  rise  of  temperature  of  shale;  (2)  maximum  tem- 
perature to  which  the  shale  is  subjected;  (8)  amount  and  tempera- 
ture of  steam  or  other  vapors  and  gases,  such  as  shale  gas,  carbon 
monoxide,  and  the  like,  used  in  connection  with  retorting;  (4)  fine* 
ness  of  the  shale  being  retorted;  (5)  pressure  under  which  retorting 
is  conducted;  and  (6)  time  of  contact  of  vapors  with  retort  walls. 

A  summary  of  the  results  of  the  experimental  work  mentioned 
above  is  presented  in  the  Appendix  (p.  174) . 

After  the  best  conditions  have  been  determined  experimentally, 
they  must  be  applied  to  large-scale  work,  in  so  far  as  commercial 
and  engineering  considerations  permit.  In  commercial  practice,  of 
course,  absolute  optimum  conditions,  experimentally  determined,  are 
not  always  applied;  but  they  are  approached  as  closely  as  economic 
limitations  and  mechanical  considerations  allow. 

That  the  retorting  of  oil  shales  and  the  refining  of  shale  oils  are 
intimately  interrelated  has  already  been  emphasized.  The  produc- 
tion of  crude  oil  from  oil  shale  is  a  simple  operation,  merely  re- 
quiring the  heating  of  the  shale  with  exclusion  of  air  and  subse- 
quent condensation  of  vapors;  but  the  economic  production  of 
maximum  quantities  of  the  oils  most  valuable  from  the  refiner's 
standpoint  is  not  a  simple  but  a  complex  and  difficult  problem; 
therefore  the  study  of  production  of  oil  and  other  products,  carried 
out  under  different  conditions  as  outlined  above,  will  not  be  com- 
plete until  the  products  so  obtained  have  been  subjected  to  thorough 
refinery  and  chemical  study. 

It  is  quite  conceivable,  from  a  consideration  of  the  principles 
of  destructive  distillation,  that  certain  conditions  of  retorting  will 
produce  an  oil  which  will  be  practically  valueless  from  the  re- 
finer's standpoint  Many  inventors  who  are  seeking  to  develop 
retorts  with  extremely  large  unit  throughout,  apparently  do  not 
realize  *that  the  quality  of  an  oil  is  as  important  as,  and  in  some 
cases  more  important  than,  its  absolute  quantity.  The  quantity  of 
crude  oil  produced  is  not  nearly  as  important  as  the  quality  and 
quantity  of  refined  products  that  can  be  made  from  the  crude.  Not 
only  must  the  crude  oil  be  of  good  quality,  but  it  must  be  of  uni- 
formly good  quality  day  after  day.     (See  Appendix,  p.  182.) 

>*GaTi]i,  H.  Jf  and  Sharp,  L.  H.,  A  study  of  tbe  fondamentals  of  oil  shale  retortlBg: 
Reports  of  iBTestlsatioiia,  Bareaa  of  Mines,  Serial  No.  2141,  iun%,  1920.  4  ppu 
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PBODUCTS  DE8IBED  FBOlf   OIL   SHALES. 


The  success  of  the  Scottish  oil-shale  industry  has  depended  pri- 
marily on  the  production  of  paraffin  wax  and  ammonium  sulphate. 
Conditions  relating  to  ammonia '  production  in  the  United  States 
are  discussed  on  page  120,  and  as  to  wax,  the  present  condition  of 
the  wax  market  in  this  country  is  such  that  if  any  large  amount 
were  being  produced  from  a  hew  source,  unless  it  were  of  excep- 
tional quality,  there  might  be  difficulty  in  selling  it  at  a  profit.  The 
demand  for  wax  is  limited,  and  American  petroleum,  even  though 
its  production  gradually  declines,  should  largely  take  care  of  that 
demand  for  many  years  without  much  difficulty.  It  must  be  realized 
that  much  of  our  petroleum  contains  considerable  quantities  of 
paraffin  wax  that  are  not  now  extracted  simply  because  th^  demand 
for  wax  is  insufficient  to  warrant  increased  production.  If,  how- 
ever, as  is  almost  generally  expected,  waxes  of  higher  melting  point 
will  be  obtained  cheaply  from  American  oil  shales,  there  will  un- 
doubtedly be  a  demand  for  them. 

During  the  past  several  years  the  petroleum  products  in  greatest 
demand  have  been  motor  fuels,  illuminating  oils,  lubricants,  and  fuel 
oils.  There  is  also  a  growing  demand  for  fuel  distillates  for  gas 
making,  for  certain  metallurgical  operations,  and  particularly  for 
heavy-oil  engines,  especially  of  the  semi-Diesel  and  Diesel  types. 
The  Diesel  engine  has  the  highest  thermal  efficiency  of  all  known  in- 
ternal-combustion engines,  and  as  the  more  volatile  motor  fuels 
become  scarcer  and  more  costly  it  is  natural  to  expect  that  the  Diesel, 
semi-Diesel,  and  other  types  of  engines  that  utilize  fuels  most  effi- 
ciently will  be  used  more  andmore. 

The  demand  for  illuminating  oils  is  increasing  very  slowly,  and 
no  inmiediate  appreciable  increase  can  reasonably  be  expected. 
Lubricants  will  probably  be  supplied  from  petroleum  for  a  great 
many  years,  since  much  of  the  petroleum  and  petroleum  residuums 
now  burned  as  fuel  can  be  worked  into  lubricants  when  the  demand 
for  lubricants  increases.  Oil  will  continue  to  be  used  as  fuel  until 
its  price  considerably  exceeds  that  of  an  equivalent  amount  of  coal. 
The  demand  for  motor  fuels  is,  however,  likely  to  grow  at  an  in- 
creasing rate.  Hence  it  seems  likely  that  shale  oil  will  be  used  first 
of  all  as  a  source  of  motor  fuels  and  secondly  as  a  source  of  fuel  oil. 
Other  products  will  probably  be  of  secondary  importance. 

American  shale  oils  will  probably  yield  a  relatively  good  percent- 
age of  volatile  motor  fuel,  once  refining  methods  have  been  devel- 
oped ;  and  seemingly  a  large  percentage  of  the  less  volatile  distillates 
from  shale  oils  will  make  satisfactory  gas  oils  and  heavy-oil  engine 
fuels.  It  is  doubtful  whether  satisfactory  domestic  kerosenes  for 
lamp  use  can  be  made  from  shale  oil,  except  at  a  cost  that  will  be 
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practically  prohibitive  for  years,  but  probably  the  cheaper  grades 
of  illuminating  and  burning  oils  can  be  made  at  relatively  low  cost 
and  without  great  difficulty.  In  recent  years  the  tendency  has  been 
to  decrease  the  volatility  of  fuels  for  automotive  engines,  and  the 
design  of  engines  is  constantly  being  changed  so  they  can  use  the 
lower  grade  fuels  satisfactorily.  If  this  tendency  continues,  as  it 
probably  will  with  higher  prices  for  oils,  automotive  fuels  made 
from  shale  oils  may  contain  a  large  amount  of  what  would  now  be 
considered  an  illuminating-oil  distillate.  This  distillate  probably 
could  not  be  cheaply  refined  into  a  satisfactory  illuminating  oil,  but 
it  might  be  used  as  a  motor  fuel. 

As  is  shown  on  page  182,  the  first  step  in  the  refining  of  shale 
oil  will  probably  be  to  run  the  crude  oil  down  to  coke.  For  this 
reason  little  or  no  residual  fuel  oil  will  be  produced  from  most  shale 
oils.  In  subsequent  distillations  of  partly  refined  products,  however, 
residues  may  be  produced  that  will  be  satisfactory  fuel  oils  if  they 
do  not  contain  too  much  paraffin  wax.  Many  of  the  heavy  distillates 
that  may  be  used  as  heavy-oil  engine  fuels  or  fuel  oils  may  contain 
so  much  wax  that  it  will  have  to  be  removed  or  the  oil  heated  to  a 
temperature  of  complete  fluidity  before  transportation  or  use. 

Since  motor  fuels  and  fuel  oils  will  probably  be  the  products  in 
most  demand  and  most  easily  made,  the  greatest  effort  in  retorting 
and  refining  should  be  made  to  obtain  them,  particularly  motor  fuels. 
The  market  for  them  will  undoubtedly  be  stable  and  the  demand  can 
reasonably  be  expected  to  increase  steadily.  Later  on,  as  the  price 
of  petroleum  becomes  higher  and  more  is  known  regarding  the  meth- 
ods of  refining  shale  oils,  it  may  be  possible  to  make  a  more  complete 
line  of  products. 

As  yet  it  is  not  definitely  known  whether  lubricating  oils  of  high 
viscosity  and  durability  can  be  made  from  American  shale  oils,  but 
investigations  by  the  Bureau  of  Mines  are  yielding  hopeful  results. 
(See  Appendix,  p.  156.)  Although  the  demand  for  lubricating  oils 
and  lubricants  generally  is,  and  for  many  years  probably  will  be, 
taken  care  of  by  petroleum,  the  possibility  of  producing  satisfactory 
lubricants  from  shale  oil  should  be  given  serious  consideration,  as 
sooner  or  later  the  petroleum  supply  may  fail  to  such  an  extent  that 
it  can  not  supply  demands  for  lubricants. 

NITBOQEN  BEOOVERT. 

Oil-shale  operations  in  Scotland  have  been  successful  largely  be- 
cause of  the  high  recovery  of  ammonium  sulphate,  which  has  a  ready 
sale  as  a  fertilizer.  Table  5  (p.  30)  indicates  that  many  American 
shales  have  a  nitrogen  content  equal  to  or  larger  than  that  of  the 
average  Scottish  shales ;  thus  the  possibility  of  producing  ammonium 
sulphate  or  other  ammonia  salts  from  domestic  shales  is  indicated. 
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Little  information  is  available  as  to  the  form  in  which  nitrogen 
exists  in  American  oil  shales,  but  results  of  investigations  by  the 
Bureau  of  Mines  indicate  that  the  nitrogen  exists  in  such  condition 
that  it  may  be  readily  converted  into  ammonia  by  the  action  of  steam 
on  the  shales  at  high  temperature  after  the  oil  has  been  produced. 
Conditions  elsewhere  found  favorable  for  producing  ammonia  will 
probably  be  favorable  for  producing  ammonia  from  American  oil 
shales;  but  conditions  for  producing  maximum  economic  yields  of 
this  material  from  our  shales  are,  of  course,  not  yet  definitely  known, 
and  can  not  be  known  until  commercial  shale  plants  are  in  operation. 

Experimental  work  of  the  Bureau  of  Mines  indicates  that  condi- 
tions of  producing  the  oil  from  shale  largely  determine  the  amount 
of  nitrogen  that  remains  in  the  oil-spent  shale  to  be  acted  on  by 
the  steam  at  high  temperature.  Rapid  production  from  the  shale — 
rapid  heating  and  rapid  removal  of  vapors — ^yields  an  oil  containing 
a  relatively  high  percentage  of  nitrogen  and  a  spent  shale  with  a 
relatively  small  percentage  of  nitrogen.  Slow  production  of  oil 
reverses  this  eflFect. 

There  is  a  possibility  of  recovering  the  nitrogen  as  nitrogen  bases, 
such  as  pyridine,  pyrrol,  and  the  like,  which  may  be  of  considerable 
value  as  preservatives,  germicides,  and  insecticides,  although  there 
is  little  market  for  them  at  present;  because  of  their  evil  odor  they 
must,  in  any  event,  be  removed  from  the  refined-oil  products  before 
the  latter  are  marketed.  Dilute  (10  per  cent)  sulphuric  acid  removes 
about  10  per  cent  of  the  volume  of  crude  naphtha  from  Colorado 
shale  oil  produced  by  dry  distiUation,  and  nitrogen  bases  constitute 
practically  all  of  this  loss.  It  may  be  found  possible  to  recover  such 
nitrogen  bases  in*  a  form  suitable  for  commercial  use. 

If  a  means  of  retorting  and  refining  can  be  devised  that  will  pre- 
vent in  retorting  the  formation  of  oils  containing  nitrogen,  or  will 
cheaply  and  easily  eliminate  them  from  the  crude  and  its  oil  prod- 
ucts, it  may.  prove  advisable  to  disregard  the  production  of  ammonia 
altogether,  since  this  product  is  being  made  by  new  and  cheap  meth- 
ods that  may  render  its  recovery  from  oil  shale  generally  unprofit- 
able. This  may  especiaUy  hold  if,  by  neglecting  ammonia  produc- 
tion, retorting  costs  can  be  reduced  or,  in  other  words,  net  profits 
can  be  enlarged,  a  larger  throughput  of  shale  per  retort  obtained, 
and  the  oil-producing  capacity  of  the  retort  increased.  A  possible 
solution  of  this  problem  is  discussed  in  the  Appendix  (p.  179). 

This  consideration  also  suggests  the  possibility  of  treating  the  oil- 
si>ent  shale  in  separate  gas  producers,  independent  of  the  retort,  in 
which  increase  of  ammonia  recovery  almost  to  the  total  theoretical 
aniount  should  be  possible,  as  well  as  production  of  considerable 
quantities  of  gas  for  fuel.  The  lower  part  of  the  Scottish  type  of 
retort  is,  of  course,  a  gas  and  ammonia  producer,  but  many  engineers 
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are  of  the  opinion  that  gas  and  ammonia  production  may  be  effected 
more  efficiently  and  to  better  advantage  by  means  of  a  separate  ap- 
paratus  entirely  independent  of  the  oil-producing  retort.  Some  sug- 
gest  that  by  this  means  as  much  or  little  of  the  oil-spent  shale  as 
desired  can  be  treated  for  the  production  of  fuel  gas  and  ammonia. 
In  any  event,  full  consideration  should  be  given  to  the  possible  effect 
of  any  of  these  operations  on  the  quality  of  the  shale  oil  produced. 

nrFECT  OF  SULPHTJB  AND  BUIf  HUB  COMPOUNDS. 

Oil  shales,  as  a  rule,  contain  small  quantities  of  sulphur,  and  it  is 
important  that  the  crude  shale  oil  contain  a  minimum  of  this  ele- 
ment or  its  compounds.  Sulphur  compounds  in  the  oil  make  refining 
more  difficult  and  costly  and  may  even  lead  to  the  rejection  of  the 
crude  altogether  for  refining  or  fuel  purposes.  It  will  be  necessary 
to  study  the  distribution  of  the  sulphur  in  products  made  from  dif- 
ferent shales,  and  if  sulphur  compounds  are  present  in  objectionable 
quantities,  either  in  the  oil  or  gas,  efforts  should  be  made  to  prevent 
their  occurrence  in  these  products  or  to  insure  their  presence  in  forms 
easily  removable.  Practically  all  shales  yield  hydrogen  sulphide 
when  they  are  retorted ;  some  produce  large  quantities.  This'  gas  is 
a  dangerous  poison,  if  present  in  large  enough  concentrations,  and  it 
may  sometimes  be  necessary  to  guard  against  the  possible  effects  on 
plant  workers. 

DUST  JU  THE  OIL. 

Whenever  oil  shale  is  retorted,  a  certain  amount  of  dust  is  formed 
and  carried  over  into  the  condensers  with  the  gases  and  vapors.  The 
amount  of  dust  produced  varies  with  the  shale,  its  condition,  and  the 
method  of  retorting.  The  dust  accumulates  in  the  condensers  and 
varying  quantities  are  always  found  in  the  oil.  If  much  is  present 
in  the  oil,  it  must  be  removed  before  the  oil  is  refined. 

A  study  of  retorting  and  the  design  of  retorts  will  always  take 
account  of  possible  dust  troubles,  and  provision  should  always  be 
made  for  easy  removal  of  dust  accumulations  in  vapor  mains  and 
crude-oil  condensers. 

RSFIKIKG  PROBLEMS. 

As  to  the  refining  of  shale  oils,  it  has  been  noted  that  shale  oils  are 
usually  highly  unsaturated ;  that  is,  they  contain  certain  unsaturated 
hydrocarbons  together  with  nitrogen  bases  which  must  be  removed 
in  refining  before  the  oil  products  can  be  marketed.  The  amount 
present  will  depend  somewhat  on  the  method  by  which  the  oil  was  pro- 
duced. Certain  of  these  compounds,  probably  the  more  highly  un- 
saturated, cause  the  color  of  the  products  to  darken  slowly  and  the 
deposition  of  gums  and  resins  renders  the  oils  unsuitable  for  fuel  and 
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illuminating  purposes.  This  behavior  is  noted  particularly  in  the 
lighter  fractions  of  the  oil  and,  as  stated,  is  probably  due  to  polymer- 
ization and  oxidation  of  certain  of  the  compounds.  The  removal  of 
these  objectionable  bodies  requires  several  acid  and  alkali  treatments 
and  redistillations  in  refining,  and  largely  accounts  for  the  high  refin- 
ing loss  in  Scottish  shale-oil  refineries. 

In  Scotland  about  25  per  cent  of  the  crude  oil,  including  still 
coke,  is  lost  in  refining,  as  against  a  maximum  refining  loss  of 
about  7  per  cent  in  completely  refining  petroleum  in  the  United 
States.  Petroleum,  of  course,  contains  a  much  smaller  quantity 
of  unsaturated  hydrocarbons  than  shale  oil;  many  petroleums  con- 
tain none  or  only  a  trace  of  them.  In  spite  of  the  long  experience 
and  economical  methods  used  by  the  Scottish  operators  in  refining 
shale  oils,  the  high  refining  loss  can  not  be  reduced  in  commercial 
practice.  If  ordinary  American  petroleum  refining  methods  were 
used  the  refining  loss  would  undoubtedly  be  considerably  higher. 
It  is  to  be  noted  that  when  there  is  a  loss  of  this  nature  in  re- 
fining oils,  not  only  is  there  a  loss  of  a  certain  amount  of  the  oil, 
but  this  loss  must  be  paid  for,  as  it  results  from  expensive  chem- 
ical treatment,  made  necessary  by  the  presence  of  objectionable 
compounds.  If  the  crude  oil  originally  contained  less  of  these 
substances,  a  saving  is  made,  both  in  absolute  recovery  of  refined 
products  and  in  lessened  costs  of  treatment. 

From  the  above  discussion  certain  definite  refining  problems 
may  be  outlined: 

1.  Determination  of  the  color  and  resin-forming  compounds 
in  the  oil  and  methods  of  removing  them  without  removing  other 
hai'mless  unsaturates. 

In  Scottish  practice  not  all  the  unsaturated  compoimds  are  re- 
moved in  refining.  As  a  general  rule,  the  presence  up  to  a  certain 
percentage  of  olefins  in  motor  fuels  is  even  desirable,  and  therefore 
some  of  the  olefins  may  be  permitted  to  remain  in  certain  of  the 
products,  while  the  more  objectionable  compounds  should  be  elimi- 
nated. 

2.  Becovery  of  acid  and  alkali  from  sludges  obtained  in  treating 
the  oils. 

Recovery  of  acid  from  sludges  is  an  established  practice  in  many 
American  petroleum  refineries,  but  a  practical  means  of  recovering 
the  more  expensive  alkalis  has  not  been  perfected. 

3.  Improved  and  cheapened  methods  of  refining. 

Refining  of  shale  oil  is  at  best  an  expensive  operation.  The  feasi- 
bility of  using  continuous  distilling  and  treating  processes  and  the 
possibility  of  using  less  expensive  treating  reagents  should  be  con- 
sidered. 
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4.  Use  of  sludges  for  purposes  other  than  for  fuel. 

In  Scottish  practice  the  sludges  produced  in  treating  the  oils 
amount  to  about  16  per  cent  of  the  crude  treated.  After  the  recovery 
of  the  acid  from  them,  the  treated  acid  and  alkali  sludges  are  burned 
under  the  stills  as  fuel.  In  most  American  petroleum  refineries  the 
sludges  are  also  burned  as  fuel.  It  would  seem  that  there  are  certain 
possibilities  in  connection  with  the  reworking  of  these  sludges  to 
obtain  other  commercial  products. 

5.  Hydrogenation  or  saturation  of  unsaturated  compounds. 

If  the  unsaturated  compounds  of  the  oils  could  be  cheaply  sat- 
urated, there  would  be  a  smaller  refining  loss  and  a  production  of 
more  and  higher  grade  finished  products.  CJommercially,  it  has  not 
been  possible  to  hydrogenate  mineral  oils  successfully,  but  a  further 
study  is  advisable,  especially  in  the  case  of  oils  so  highly  unsat- 
urated as  shale  oils. 

6.  The  effect  of  coking  distillation  on  crude  shale  oils  is  discussed 
in  the  Appendix  (p.  179).  It  may  be  noted  here  that  the  effect  of  a 
coking  distillation  on  an  oil  produced  by  rapid  retorting  is  to  yield 
a  distillate  much  like  the  crude  oil  made  by  slow  retorting.  Even 
an  oil  made  by  slow  beating  can  be  improved  by  a  coking  distillation. 
A  thorough  study  of  this  effect  will  indicate  to  what  extent  it  can  be 
used  in  refining  and  is  certain  to  have  a  decided  influence  on  the 
methods  used  in  producing  the  oil. 

ECONOMIC  CONSn)EaA.TION8. 

Economic  considerations  must  govern  all  oil-shale  operations.  As 
in  most  industries,  it  is  not  possible  to  obtain  absolute  optimum  re- 
sults in  all  the  phases  of  retorting  and  i-efining.  Operations  will, 
naturally,  be  so  conducted  that  the  greatest  net  profits  will  be  made 
on  the  whole  operation  of  producing  finished  products.  In  each 
locality,  with  every  shale  and  with  each  type  of  retort  used,  the  most 
economic  conditions  for  the  production  of  the  greatest  profit  should 
be  determined.  For  example:  At  the  present  time  ammonium  sul- 
phate commands  a  good  price  and  nitrogen  bases  have  no  market 
whatever — ^that  is  to  say,  no  market  has  been  developed  for  them; 
hence,  under  present  conditions,  the  practice  might  be  to  make  as 
much  ammonium  sulphate  as  possible  from  the  shales,  if  nitrogen 
recovery  is  considered  at  all.  Under  reversed  conditions,  it  would  be 
advisable  to  make  as  much  of  the  nitrogen  bases  as  possible.  Again, 
the  most  valuable  product  obtained  from  Scottish  shale  oil  is 
paraffin  wax,  but  conditions  of  supply  and  demand  might  be  such 
as  to  make  advisable  the  leaving  of  as  much  as  possible  of  the  wax  in 
the  gas  and  fuel  oils  and  the  lubricating  oils  without  unduly  raising 
their  setting  points  or  cloud  tests.  Market  conditions  must  be 
studied,  and  the  total  net  value  of  products  made  and  marketed 
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should  be  such  that  the  shale  and  oil  treating  operations,  as  a  whole, 
will  yield  the  greatest  possible  profit. 

CONSKBVATXON. 

Many  problems,  especially  some  of  those  just  discussed,  are  not 
peculiar  to  the  oil-shale  industry  alone.  A  successful  solution  of 
some  of  these  problems  by  oil-shale  operators  often  may  be  applied 
to  the  refining  of  petroleum.  It  may  be  remarked  that  when 
petroleum  is  cheap  much  of  it  is  wasted,  and  refining  processes  were 
not  developed  with  the  primary  purpose  of  utilizing  a  valuable  re- 
source in  as  ^cient  a  way  as  possible ;  but  when  petroleum  becomes 
costly,  and  the  Nation  has  realized  that  its  natural  petroleum  resources 
are  not  inexhaustible,  more  attention  will  be  paid  to  conservation 
and  prevention  of  waste.  It  would  have  been  better  when  the  in- 
dustry began  to  have  regarded  petroleum  as  a  valuable  and  wasting 
national  resource,  to  be  utilized  as  efficiently  as  possible;  but  when  a 
commodity  is  plentiful  and  cheap,  little  thought  is  given  to  the  fact 
that  in  time  it  may  not  be  so. 

Our  oil-shale  deposits  are  large,  but  they  are  not  inexhaustible. 
When  the  oil-shale  industry  first  begins  it  may  not  be  always  feasible, 
as  well  as  profitable,  to  introduce  those  refinements  into  the  treat- 
ment of  the  shale  and  its  products,  which  would  mean  conservation 
of  this  natural  resource,  but  the  shale  should  not  be  wasted,  and  in 
considering  the  future  the  country  should  demand  that  it  be  efficiently 
utilized.  To  bring  about  this  ideal  condition  much  research  and 
investigative  work  will  be  necessary  to  determine  the  products  that 
can  be  obtained  and  the  methods  of  producing,  refining,  and  using 
them.  By  the  proper  application  of  work  of  this  nature  it  should  be 
possible  to  conserve  and  efficiently  utilize  the  Nation's  oil-shale  re- 
sources very  early  in  the  history  of  the  industry. 

BY-PB0DUCT6. 

Discussion  of  conservation  and  of  efficient  utilization  leads  natur- 
ally to  consideration  of  the  possible  by-products  from  oil  shale.  The 
term  "  by-products  ^  used  in  connection  with  the  oil-shale  industry 
is  commonly  understood  to  mean  products  other  than  the  ordinary 
hydrocarbon  oils  and  waxes  similar  to  those  now  obtained  from 
petroleum. 

It  might  be  desirable,  of  course,  to  make  by-products,  if  they  are 
of  sufficient  commercial  value.  Much  is  heard  regarding  by-products, 
and  it  seems  to  be  the  general  impression  that  because  of  them  the 
industry  will  succeed.  All  kinds  of  substances  have  been  included 
in  the  list  of  oil-shale  by-products,  such  as  vanillin,  salicylic  acid, 
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pepsin,  rubber,  perfumes,  medicinal  preparations,  drugs,  and  dye- 
stuffs.  For  most  of  these  ^  paper  "  deriyatives  there  is  a  limited  de- 
mand and  consequently  a  limited  production  at  present  It  should 
be  realized  that  if  these  products  could  be  made  from  oil  shale  on 
a  commercial  scale,  the  possible  output  might  far  exceed  consumption 
and  demand ;  present  high  prices  might  decrease  so  much  that  further 
production  would  be  unprofitable,  unless  a  new  market  could  be 
created  for  them. 

In  a  large  way,  by-products  are  rather  unstable  things  to  serve 
as  a  foundation  for  a  large  industry,  and  the  oil-shale  industry,  if  it 
is  to  succeed  at  all  as  a  national  industry,  must  be  of  great  magnitude. 
Putting  it  more  plainly:  A  few  small  individual  plants  might  pos- 
sibly be  operated  at  a  profit  because  they  made  rare  by-products, 
but  it  is  a  reasonable  assumption  that,  when  hundreds  of  large  oil- 
shale  works  begin  to  produce,  the  once  rare  by-products  will  become 
plentiful  and  the  market  for  them  wUl  be  demoralized.  This  is  only 
another  view  of  the  law  of  supply  and  demand  which  must  be  consid- 
ered in  connection  with  the  oil-shale  industry  as  with  any  other.  It 
may  be  true  that  many  rare  products  have  been  produced  in  an  ex- 
perimental way  from  oil  shale,  but  there  is  a  vast  difference  between 
the  laboratory  preparation  of  a  substance  and  its  profitable  commer- 
cial production.  Thus,  it  might  be  possible  to  produce  sugar  from 
garbage  in  the  laboratory,  but  it  is  difficult  to  imagine  that  such  a 
process  would  be  a  paying  one  commercially. 

Oil  s]iales  can  hardly  be  expected  to  produce  products  other  than 
those  that  can  be  made  from  coal  tar  and  petroleunoi,  and  it  is  not 
yet  known  whether  they  will  yield  appreciable  quantities  of  prod- 
ucts usually  obtained  from  coal  tar.  Although  the  use  of  coal  tar 
as  fuel  oil  in  the  Eastern  States,  started  during  the  war,  continues 
to  the  present,  there  is  a  serious  shortage  of  certain  coal-tar  prod- 
ucts, such  as  ci*eosote,  and  if  materials  of  this  nature  can  be  re- 
covered as  a  product  or  by-product  in  the  oil-shale  industry  their 
production  might  be  profitable.  Traces  of  compounds  such  as 
phenols,  cresols,  etc.,  have  been  found  in  shale  oil,  but  it  is  highly 
probable  that  to  make  from  oil  shales  larger  anoLOunts  of  these  prod- 
ucts the  method  of  retorting  must  be  different  from  that  for  obtain- 
ing oils  similar  to  petroleum.  In  other  words,  the  conditions  favor- 
able for  the  production  of  substances  commonly  obtained  from  coal 
tar  (if  they  can  be  made  from  oil  shales  at  all)  will  not  be  those 
favorable  for  making  products  similar  to  those  derived  from 
petroleum,  for  which  there  will  xmdoubtedly  be  a  greater  demand 
and  a  more  stable  market. 

Oil-shale  operators  will  do  well  to  plan  on  making  products  for 
which  there  is  a  demand  and  a  stable  market.    Such  products  are 
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likely  to  be  those  similar  to  the  refined  petroleum  oils  of  commerce 
and  possibly  some  of  the  by-products  of  the  petroleum  industry  for 
which  a  market  is  well  established.  These  products  and  by-products, 
mainly  hydrocarbon  oils  similar  to  those  produced  from  petroleum, 
are  those  which  oil  shales  are  expected  to  supply.  If  it  fails  to  do 
this,  the  oil-shale  industry  can  not  hope  to  become  one  of  much 
importance  or  magnitude. 

Certain  exceptions  are  possible  in  regard  to  the  above  statements. 
Nitrogen  products  may,  and  possibly  will,  be  derived  from  American 
oil  shales.  In  Scotland  ammonium  sulphate  is  not  considered  a  by- 
product. Moreover,  it  is  probable  that  by-products  may  be  obtained 
from  oil  shale  for  which  a  stable  demand  can  be  created  by  creating 
new  uses,  or  in  the  case  of  some,  for  which  a  small  demand  now  ex- 
ists, cheaper  production  or  the  expansion  of  demand  might  make 
their  production  profitable.  Notwithstanding  these  considerations 
it  seems  that  much  of  the  by-product  investigation  and  discussion 
is  ill-timed,  particularly  as  the  industry  is  not  fully  informed  as  to 
methods  of  producing  satisfactory  crude  oils  and  making  marketable 
hydrocarbon  oils  from  them.  On  these  latter  products  the  success 
or  failure  of  the  oil-shale  industry  will  depend. 

SCIENTinC  BESEABCH. 

In  connection  with  the  study  of  oil  shale  many  investigations  of  a 
scientific  nature  should  be  made.  Some  of  these  are :  The  determi- 
nation of  the  nature  of  the  oil-producing  material  of  the  shales;  the 
manner  in  which  it  decomposes  in  forming  oil;  the  relation  between 
mode  of  origin,  geologic  age,  and  character  of  products;  and  the 
chemical  nature  of  the  oil  and  gas  produced  from  different  shales 
under  different  retorting  conditions.  Such  studies  are  often  dis- 
paraged because  of  the  failure  to  appreciate  that  pure  research  of 
this  type  often  yields  results  of  highest  commercial  importance. 

ECONOMIC  PBOBLEMS. 

The  oil-shale  industry,  to  be  commercially  successful,  must  make 
a  return  on  the  capital  invested  in  it ;  and  to  attract  capital  must  offer 
reasonable  evidence  to  tixe  prospective  investor  that  it  will  give  him 
a  fair  return  on  his  investment.  Some  of  the  factors  to  be  consid- 
ered in  this  regard  are  technical  and  have  been  discussed  in  other 
sections.  Other  factors  are  economic  but,  from  a  broad  viewpoint, 
the  technical  and  economic  considerations  can  not  be  wholly  sepa- 
rated. It  is  not  a  function  of  the  Bureau  of  Mines  to  investigate  the 
economic  side  of  the  oil-shale  industry,  but  a  brief  discussion  of 
some  of  these  phases  may  caU  attention  to  matters  hitherto  not 
always  carefully  considered. 
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to  connect  with  the  various  plants.  For  other  deposits  new  roads 
must  be  built.  Those  companies  now  operating  or  erecting  smaJl 
shale  plants  should  consider  the  future  of  the  industry  and  consider 
the  securing  of  adequate  transportation  service  for  the  time  when 
the  industry  will  become  commercial. 

One  phase  of  transportation  involves  a  technical  problem:  The 
chief  product  of  an  oil-shale  retorting  plant  is  crude  oil,  and  if  this 
oil  can  be  carried  by  pipe  lines  from  the  retorting  plants  to  central 
refinerier  on  the  railroads,  one  of  the  chief  transportation  prob- 
lems will  be  solved.  On  account  of  the  high  proportion  of  solid 
paraffins  in  most  shale  oils,  as  a  rule,  they  will  not  flow  well  below 
temperatures  ranging  from  85°  to  100°  F.  However,  if  heating  sta- 
tions are  provided  at  intervals  along  the  pipe  line,  the  line  buried  to 
proper  depth  and  well  insulated,  and  the  oil  forced  through  at  proper 
velocity,  it  is  probable  that  the  oil  can  easily  be  pumped,  even  during 
the  winter.  Most  shale  oils  are  quite  fluid  at  temperatures  only  a 
few  degrees  above  their  setting  points. 

It  is  recommended  that  the  possibility  of  piping  shale  oil  from 
groups  of  retorting  plants  at  the  mines  to  a  large  refinery  on  the 
railroad  be  given  serious  consideration,  not  only  on  account  of  the 
low  cost  of  such  transportation  compared  with  shipment  in  tank 
cai^s,  but  because  a  large  refinery  can  operate  more  efficiently  and 
with  smaller  overhead  and  fixed  charges  per  barrel  than  a  small  one. 
Also,  such  a  refinery  would  be  in  an  advantageous  position  for  pro- 
curing supplies  and  marketing  products.  It  is  believed  that  a  20,000- 
barrel  refinery,  situated  on  a  railroad  and  receiving  oil  by  pipe  line 
from  20  retorting  plants,  each  producing  1,000  barrels  of  oil  daily^ 
could  operate  at  a  much  lower  cost  per  barrel  and  with  greater 
efficiency  than  twenty  1,000-barrel  refineries,  each  situated  close  to 
and  serving  a  retorting  plant  producing  a  like  amount  of  oil  daily, 
and  depending  on  railroad  spurs  and  tank  cars  to  get  its  products 
to  the  main  line  or  even  sending  its  refined  oils  through  pipe  lines 
to  storage  on  the  railroad. 

The  oil-shale  districts  of  the  Eastern  States  are  more  adequately 
served  by  railroad  systems  than  those  of  the  West,  but  in  all  of  them 
due  consideration  will  have  to  be  given  to  the  problem  of  getting 
marketable  products  to  the  consumers. 

MARKETINO    OIL-SHALE    PRODUCTS^ 

Under  the  best  possible  conditions,  it  will  be  many  years,  because 
of  the  capital  and  construction  work  required,  before  an  oil-shale  in- 
dustry begins  to  assume  the  magnitude  of  the  present  petroleum  in- 
dustry in  this  country,  and  therefore  many  years  before  shale  prod- 
ucts are  extensively  marketed.    In  the  next  section  (p.  ISd)  it  will 
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be  noted  that  the  writer  does  not  believe  that  shale-oil  products  will 
ever  be  serious  competitors  of  petroleum  products.  Shale  oil  may 
be  expected  gradually  to  replace  petroleum  as  the  petroleum  supply 
fails.  It  seems  likely,  therefore,  that  shale-oU  products,  when  they 
are  marketed  in  considerable  quantity,  will  be  marketed  through 
the  present  systems  and  under  the  conditions  involved  in  marketing 
petroleum. 

SOME  FACT0B8  IN7I.XJENCIK0  PLANT  IiOCATIOK. 

Some  of  the  factors  that  should  determine  the  situation  of  an  oil- 
shale  plant  have  been  discussed  in  the  previous  section,  but  good 
engineering  ■  practice  will  involve  consideration  of  other  problems, 
such  as  position  of  plant  with  respect  to  mine,  availability  of  dump- 
ing space  for  spent  shale,  water  supply,  layout  and  future  expansion 
of  plant,  housing  of  employees,  and  sanitary  requirement& 

POSITION  OF  PLANT  WTTH  RESPECT  TO  MINE. 

The  relative  positions  of  the  plant  and  the  mine  govern  the  convey- 
ance of  the  raw  shale  to  the  retorting  plant  and  will  depend  to  a 
considerable  extent  on  the  topographic  features  of  the  ground  on 
which  the  plant  is  to  be  constructed.  In  most  of  the  western  shale 
regions  it  is  probable  that  for  a  long  time  the  shale  will  be  mined 
f ro];n  outcrops  on  cliffs,  high  above  the  valley  floors,  and  the  plants 
will  be  erected  in  the  valley,  or  between  mine  and  valley  floor,  to 
facilitate  gravity  flow  of  waste.  In  this  case  chutes  or  surface  trams 
undoubtedly  will  be  used  in  conveying  shale  to  the  plant.  Aerial 
trams  may  also  be  used.  Types  of  all  these  systems  are  being  em- 
ployed in  the  Rocky  Mountain  region  by  the  small  plants  now  operat- 
ing intermittently  for  experimental  or  promotion  purposes.  Sur- 
face trams  or  chutes  will  probably  be  most  favored,  as  they  are 
cheaper  to  install  and  operate  than  other  systems.  Later  on,  shale 
may  be  mined  by  shafts  from  the  tops  of  the  mesas,  and  the  plants 
may  also  be  situated  there.  (See  p.  112.)  In  other  parts  of  the 
country  it  may  be  necessary  to  haul  the  shale  cars  from  the  mine 
entry  to  the  crusher  bins,  particularly  where  there  is  little  natural 
slope  to  the  ground.  At  such  places  electric  locomotives  or  cable 
haulage  may  be  used. 

DUMPING  SPACE  FOR  SPENT  SHALE. 

Scottish  oil  shale  expands  while  being  retorted,  though  most  of 
the  richer  American  shales  contract  somewhat.  Therefore,  the  vol- 
ume of  waste  to  be  handled  will  be  nearly,  if  not  quite  as  great  as 
that  of  the  shale  put  into  the  retorts.    Some  use  for  the  spent  shale 
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may  be  found  but  with  large-scale  operations  it  is  not  likely  that  a 
market  can  be  established  for  spent-shale  products  sufficient  to  take 
care  of  any  large  proportion  of  spent  shale. 

On  the  assumption  that  a  ton  of  crushed  raw  shale  occupies  35  cubic 
feet  and  the  volume  does  not  change  in  retorting,  a  plant  of  1,000 
tons  daily  capacity  will  discharge  about  476,000  cubic  yards  of 
spent  shale  in  a  year,  equal  to  a  cone  about  680  feet  in  diameter 
and  145  feet  high.  (See  PI.  XII  for  size  of  dumps  at  one  of  the 
Scottish  works.)  Provision  must  be  made  for  disposal  of  this 
large  quantity  of  waste  at  the  lowest  possible  cost.  In  many  dis- 
tricts the  plant  can  be  so  placed  as  to  discharge  directly  upon  a  steep 
hillside,  but  in  others  it  will  be  necessary  to  provide  conveying  or 
haulage  systems  to  move  the  spent  shale  to  dumps.  (See  PI.  XIV.) 
This  is  an  item  which  must  be  considered  in  selecting  plant  sites  and 
calculating  operating  costs. 

WSATHEBINO   OF   SPENT   SHALE. 

Many  American  spent  shales  when  exposed  to  the  weather  rapidly 
disintegrate  and  settle  down,  probably  because  of  their  high  content 
of  calcium  and  magnesium  oxides,  and  form  a  black  sticky  mud  that 
would  probably  be  washed  away  and  deposited  as  silt  during  rain- 
storms. Shale  operators  should  note  this  point,  as  it  may  call  for 
special  attention  by  them.  The  writer  believes  that  it  may  be  neces- 
sary later  for  those  States  in  which  oil-shale  deposits  occur  to  enact 
laws  to  enforce  the  disposal  of  spent  shales  in  such  manner  that  prop- 
erty at  a  lower  elevation  may  not  be  damaged.  J.  J.  Jakosky,  of  the 
Bureau  of  Mines,  to  whom  the  writer  is  indebted  for  data  on  experi- 
ments on  the  weathering  of  spent  shale,  is  convinced  that  the  weather- 
ing of  such  shale  may  present  serious  problems  to  oil-shale  operators. 

WATiCR  SUPPLY. 

At  many  places  the  problem  of  procuring  adequate  and  reliable 
supplies  of  water  for  oil-shale  retorts  and  refineries  will  be  serious. 
The  problem  may  not  often  be  important  in  the  Eastern  States,  but 
the  shale  fields  of  the  West  are  in  districts  where  rainfall  is  usually 
sparse  and  watercourses  few  and  rather  widely  scattered.  In  some 
places  it  is  probable  that  water  can  be  developed  by  sinking  wells. 
Some  operators  plan  to  bring  water  from  the  larger  streams  to  the 
shale  works,  but  at  many  places  this  will  require  extensive  piping  and 
pumping  systems.  In  many  districts  a  large  part  of  the  stream  flow 
has  already  been  appropriated  for  agricultural  purposes,  and  further 
irrigation  projects  are  planned,  or  can  reasonably  be  anticipated,  in 
potential  farming  areas  near  the  shale  fields  or  below  them  on  the 
same  river  systems. 
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Retorting  and  refining  operations  will  probably  require  from  150 
to  250  gallons  of  water  per  ton  of  shale  treated.  Water  may  be  used 
as  steam  in  the  retorts;  probably  water-cooled  condensers  will  be 
used,  especially  in  regions  where  seasonal  temperatures  range  from 
100°  F.  in  summer  to  below  zero  in  winter;  boiler  plants  require 
water;  refinery  condensers  must  certainly  be  water  cooled;  water 
may  be  required  in  mines;  and  a  good  supply  of  potable  water  will 
be  needed  for  domestic  purposes  by  the  large  number  of  employees 
and  their  families.  It  seems  certain  that  in  many  plants  the  water 
will  have  to  be  carefully  conserved ;  exhaust  steam  will  be  condensed : 
condenser  water  will  be  cooled  in  towers  or  ponds  and  reused;  and 
heat  exchangers  will  be  employed  partly  to  take  the  burden  of  cool- 
ing from  the  condenser  water.  It  will  probably  be  advisable  at  most 
plants,  at  least  in  the  Western  States,  to  use  electric  power  trans- 
mitted from  hydroelectric  plants  on  the  larger  rivers  to  the  shale 
works  and  mines.  Possibly  excess  combustible  gases  from  the  retorts, 
or  producer  gas  made  from  raw  or  spent  shale,  can  be  used  in  in- 
ternal-combustion engines  to  generate  power  at  the  plants.  There  is 
also  a  chance  that  at  least  part  of  the  water  required  in  the  works 
can  be  obtained  from  the  shales  themselves.  Many  shales  when 
heated  yield  30  gallons  and  more  of  water  to  the  ton,  and  if  this 
water  is  pure  enough  it  may  be  used  for  boilers  and  condensers.** 

PLANT  LAYOUT  AND  FUTURE  EXPANSION  OP  PLANT, 

A  shale  retorting  plant  and  oil  refinery  should  be  arranged  for 
economy  of  space  and  operation.  Provision  should  be  made  for 
expansion,  and  the  frequent  error  of  petroleum-refinery  engineers 
in  failing  to  allow  for  plant  enlargement  should  be  avoided  from 
the  start.  Naturally,  the  first  shale  plants  will  be  comparatively 
small,  but  the  assumption  is  that  they  will  grow,  and  extensions 
should  not  be  haphazard.  A  convenient,  logical,  and  economic 
flow  sheet  should  be  designed  at  the  very  beginning  and  allowances 
made  so  that  enlargements  of  the  plant  will  permit  conformation 
with  the  same  flow  sheet.  Many  engineers  do  not  realize  the  extent 
production  costs  are  lessened  by  convenient  internal  arrangements  of 
a  plant  which  afford  logical  and  orderly  flow  of  raw  materials  to 
the  works,  flow  of  products  in  the  course  of  manufacture  from  stage 
to  stage,  and  output  of  finished  products  and  waste  materials.  Work 
of  this  type  calls  for  high  engineering  skill.  An  industry  that  can 
hope  for  only  a  relatively  small  margin  of  profit  can  not  pay  too 
much  attention  to  this  point. 

**  Jakosky,  J.  J.,  Ueies  of  water  in  the  oil-shale  industry,  with  particular  reference  to 
engineering  and  sanitary  reqairements :  Tech.  Paper  324,  Bureau  of  Mines.  1923,  67  pp. 
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This  matter  makes  necessary  the  consideration  of  the  position  of 
the  retorting  plant  with  respect  to  mine,  railroad,  refining  plant,  and 
storage  facilities.  At  many  places  the  ideal  condition  of  having  mine 
above  retorts,  retorts  above  refinery,  and  refinery  above  storage  can 
be  realized.  This  will  allow  gravity  flow  of  raw,  finished,  and  waste 
material,  and  construction  can  be  planned  so  that  subsequent  enlarge- 
ments will  not  disturb  the  efficiently  planned  flow  sheet. 

HOUSING  AND  SANITATION. 

It  seems  proper  here  to  discuss  the  problems  of  housing  for  em- 
ployees and  of  camp  sanitation. 

Industry  as  a  whole  is  rapidly  appreciating  that  a  contented 
worker  means  an  efficient  worker.  Nothing  assists  more  in  bringing 
contentment  than  comfortable  and  clean  living  quarters  and  sanitary 
and  wholesome  living  conditions.  The  point  has  already  been  made 
that  labor  will  have  to  be  brought  into  many  of  the  shale  fields  from 
remote  points  and  into  a  sparsely  settled  district.  Conditions  must 
be  made  attractive  to  the  workers  if  it  is  hoped  to  retain  their  serv- 
ices for  any  extended  period.  Living  quarters  should  therefore  be 
made  comfortable,  clean,  and  attractive;  well-constructed  and  invit- 
ing homes  should  be  available  for  the  married  workers;  wholesome 
and  substantial  food  should  be  provided;  and  mess  houses  should 
be  well  lighted  and  clean.  Opportunities  should  be  afforded  for 
wholesome  recreation  and  amusement. 

Camp  sanitation  should  receive  careful  attention.  Water  supplies 
may  often  be  scanty,  and  at  such  times  particularly  proper  sanitation 
will  require  utmost  watchfulness.  Disposal  of  waste  and  sewage 
must  be  carefully  considered  not  only  for  the  benefit  of  the  indi- 
vidual camp  but  for  the  protection  of  others  at  a  lower  elevation 
along  the  same  stream  or  lower  down  the  same  valley.'* 

THE  FtTTTJBE  OF  THE  OIL-SHALE  INBITSTBT  IK  THE  UNITED 

STATES. 

The  future  of  the  oil-shale  industry  in  this  country  depends  pri- 
marily on  the  relative  supply  of  and  demand  for  petroleum  products, 
particularly  in  the  regions  remote  from  seaboard.  As  already  indi- 
cated, there  is  good  reason  for  believing  that  within  the  next  several 
years  the  domestic  production  of  petroleum  will  decrease,  the  demand 
for  its  products  will  increase,  and  oil  shales  can  well  make  up  for 
the  deficiency  of  crude  petroleum  as  a  source  of  refined  mineral-oil 
products. 

*^  The  subject  of  sanitation  in  oil-shale  camps  is  fully  discussed  by  Murray,  Arthur  L., 
Sanitation  In  planning  and  developing  oil-shale  camps :  B^wrts  of  Investigations,  Bureau 
of  Hines^  Serial  No.  2265,  July,  1921.  7  pp. 
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No  one  expects  the  oil-shale  industry  to  spring  into  being  over- 
night as  a  full-grown  industry  of  national  importance  and  compar- 
able with  the  present  petroleum  industry.  Even  under  the  most 
favorable  conditions  its  development  must  be  slow,  although  this 
can  be  hastened  by  the  employment  of  highly  trained  specialists,  the 
proper  kind  of  experimental  work,  and  sincere  cooperation  and  mu- 
tual helpfulness  among  the  oil-shale  operators. 

There  are  certain  practical  limitations  to  the  rapid  development  of 
the  oil-shale  industry  that  should  be  mentioned.  M.  L.  Requa,  former 
director  of  the  oil  division  of  the  United  States  Fuel  Administration, 
has  said  '*  that  the  oil-shale  industry  developed  to  the  scale  of  the 
present  petroleum  industry  "  would  require  a  mining  activity  com- 
parable in  size  to  the  coal-mining  industry."  George  Otis  Smith, 
Director  of  the  United  States  Geological  Survey,  speaking  of  the 
possibilities  of  the  oil-shale  industry,  makes  the  point  that  "  plainly 
our  country  can  not  afford  to  support  another  such  army  of  workers 
[as  that  of  the  coal-mining  industry],  until  we  reach  another  stage 
in  our  industrial  development."  *• 

Large  sums  of  money  will  have  to  be  invested  before  the  oil-shale 
industry  becomes  one  of  important  commercial  consideration.  It  is 
probable  that  the  investment  necessary  for  an  oil-shale  retorting  and 
refining  plant  will  approximate  $3,000  per  barrel  of  shale-oil  daily 
capacity.  The  present  annual  domestic  output  of  petroleum  is  over 
700,000,000  barrels.  To  replace  this  production  with  shale  oil  would 
require  over  1,900  shale  retorting  plants,  each  putting  through,  every 
day  in  the  year,  1,000  tons  of  shale  yielding  42  gallons  of  oil  per  ton. 
The  total  quantity  of  shale  mined  would  be  over  700,000,000  tons, 
which  is  more  than  the  coal  production  of  the  United  States  in  1920. 
The  investment  for  retorts  and  refineries  alone  for  an  industry  of 
this  magnitude  would  be  over  $5,000,000,000,  and  that  figure  does  not 
include  estimated  cost  of  lands,  opening  up  and  developing  mines,  or 
transportation  and  marketing  facilities;  neither  does  it  include  the 
cost  of  developing  subsidiary  industries,  without  which  a  shale-oil 
industry  could  not  exist. 

OOHPABISON  OF  THE  OHi-SHALE  WITH  THS  PETBOLETJK 

INBtrSTBY. 

The  investment  necessary  to  carry  on  an  oil-shale  industry  with 
an  output  sufficient  to  replace  the  present  domestic  output  of  petro- 
leum would  probably  equal  the  capital  already  invested  in  the 
petroleum  industry,  at  present  a  more  attractive  field  if  total  costs 

'  Requa,  M.  L.,  The  petroleum  problem :  Bulletin  of  the  Union  Petroleum  Co.,  PfaUadel* 
phia,  1920,  p.  26. 

»  Smith,  O.  O ,  Where  the  world  geU  iU  oU:  Nat  Geog.  ICaf.,  toL  87,  February,  1920, 
%  107. 


FUTUBJB  OF  INDUSTRY  IN  THE  UNITED  STATES.  135 

of  oil  production  in  both  industries  are  compared.  Profits  are  often 
large  and  rapidly  acquired  in  the  petroleum  industry,  whereas  only  a 
conservative  profit  can  be  expected  from  oil-shale  operations,  at  least 
for  a  great  number  of  years.  Large  interests  will  not  invest  heavily 
until  convinced  that  oil-shale  operations  will  be  attractively  profit^ 
able.  On  the  other  hand,  once  a  shale-oil  industry  becomes  profitable, 
profits  are  assured,  subject  to  nothing  more  than  ordinary  business 
risks.  There  wiU  be  little  of  the  spectacular  in  the  oil-shale  business, 
but  ultima^y  itwill  be  a  conservative  industry,  in  which  investments 
will  yield  moderate  though  stable  returns.  Statements  in  this  nature 
have  been  disputed  by  many  of  the  present-day  oil-shale  enthusiasts, 
but  the  writer  has  seen  no  reliable  estimates  or  figures  that  would 
cause  him  to  alter  his  views. 

It  must  be  understood,  however,  that  the  industry  will  undoubt- 
edly grow  slowly,  and  while  growing  it  will  become  more  successful. 
One  plant  will  begin  operating  at  a  fair  profit,  after  which  capital 
can  be  more  readily  attracted.  One  well-situated  plant,  with  favor- 
able markets  and  properly  financed  and  managed,  may  begin  to  make 
money  in  a  relatively  narrow  marketing  field ;  whereas  others,  not  so 
well  favored,  may  have  to  wait  years  for  profits. 

The  oil-shale  industry  is  not  strictly  comparable  with  the  i>etroIeum 
industry ;  it  is  still  embryonic  in  this  country  and  calls  for  much  new 
training  and  experience.  Obtaining  oil  from  shale  is  not  compara- 
ble to  obtaining  petroleum  from  a  well.  In  drilling  an  oil  well  the 
element  of  chance  has  to  be  taken  into  consideration,  but  there  is 
always  the  possibility  of  large  immediate  reward  on  a  relatively 
small  investment.  There  should  be  no  such  element  of  chance  in  pro- 
ducing shale  oil  under  proper  management.  In  the  first  place,  a 
few  well-placed  drill  holes  on  the  land  selected  will  make  possible 
the  estimation  of  the  thickness  and  quality  of  the  deposits.  After  that, 
the  production  of  crude  shale  oil  becomes  a  technical  problem,  that 
of  producing  a  crude  product  from  a  low-grade  ore.  The  production 
of  oil  from  shale  requires  one  more  operation  than  does  the  produc- 
tion of  petroleum.  When  an  oil  well  is  driven  into  the  oil  sand, 
the  crude  product  is  recovered  with  but  relatively  little  cost;  but 
oil  shale  must  be  mined  and  afterwards  treated  to  produce  the 
crude  oil.  The  quality  of  a  petroleum  is  what  it  happens  to  be  when 
the  driller  strikes  the  sand ;  the  quality  of  shale  oil  is  largely  depend- 
ent on  the  process  used  and  the  conditions  of  manufacture.  After  the 
crude  shale  oil  has  been  produced,  its  refining  is  more  complex  and 
more  costly  than  the  equivalent  refining  of  petroleum. 

Ultimately  the  oil-shale  industry  will  be  developed  on  as  safe  and 
sane  a  basis  as  other  great  manufacturing  and  mining  industries.  It 
is  clear,  however,  from  experience  in  other  countries,  and  from  the 

53406'— 23 ^10 
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very  nature  of  the  mineral  and  its  crude  products,  tiiat  the  industry 
can  come  to  commercial  importance  only  as  a  large-scale  mining  and 
manufacturing  industry  handling  a  low-grade  raw  material,  and 
that  the  profits  derived  from  it  will  be  of  the  order  of  those  derived 
from  other  industries  of  the  same  general  type. 

It  is  hardly  believed  that  shale  oil,  considered  in  a  large  way,  will 
be  a  competitor  of  petroleum;  it  is  more  likely  to  be  a  slowly  de- 
veloped successor  to  petroleum.  A  general  impression  has  arisen 
that  the  larger  oil  companies  are  seeking  to  retard  development  of 
the  oil-shale  industry  because  they  fear  the  possible  competition  of 
shale  oiL  There  can  be  little  truth  in  this  belief.  The  writer  be- 
lieves that  the  petroleum  industry,  as  a  whole,  welcomes  the  advent 
of  shale  oil,  as  its  leaders  are  fully  aware  of  the  serious  situation 
the  American  petroleum  industry  is  facing.  The  larger,  and  many 
of  the  smaller,  companies  are  already  considering  the  time  when  they 
will  be  producing  shale  oil  or  handling  its  products.  Many  have 
already  acquired  oil-shale  lands.  Competition  of  shale  oil  with 
petroleum  can  not  be  regarded  seriously,  since,  because  of  the  manv 
technical  problems  that  must  be  solved  in  connection  with  the  former 
and  the  large  amount  of  capital  that  will  be  required  before  the  in- 
dustry can  hope  to  compare  in  production  with  the  present  petro> 
leum  industry,  shale  oil  will  probably  be  needed  long  before  it  is 
produced  in  quantities  sufficient  to  relieve  appreciably  the  impending 
shortage  of  petroleum.  It  will  be  much  longer,  as  tfbove  noted, 
before  the  industry  can  go  far  in  supplying  the  present  demand 
for  petroleum,  which  normally  will  grow  at  a  much  greater  rate 
than  domestic  petroleum  supplies  can  support.  M.  L.  Requa,  former 
director  of  the  oil  division  of  the  United  States  Fuel  Administration, 
at  the  November,  1920,  meeting  of  the  American  Petroleum  Institute, 
in  an  address,  made  a  statement**  which  is  worth  quoting  in  this 
regard : 

The  oU-shale  industry,  the  coal-refining  industry,  the  power-alcohol  industry, 
with  their  potentialities  and  their  limitations,  deserve  our  close  consideration. 
While  they  may  superficially  appear  as  our  competitors,  they  are  fundamentally 
our  alUe&  When  the  time  is  ripe,  I  believe  these  supplemental  sources  of  sup- 
ply can  be  developed  by  the  petroleum  industry  more  advantageously  than  by 
any  other  agency. 

Shale  oil  appears  to  be  the  most  natural  and  logical  substitute  for 
petroleum.  The  supplies  of  shale  are  so  great  as  to  dwarf  by  com- 
parison the  quantity  of  petroleum  already  produced  and  still  avail- 
able for  production  in  the  United  States.  The  writer  believes  that 
the  oil-shale  industry  will  ultimately  be  an  industry  of  great  magni- 
tude and  commercial  importance  in  this  country,  but  many  years  and 
much  money  will  be  required  before  it  reaches  this  status.    In  its  last 

M  Rrqun,  M.  L..  Conservation  :  Am.  Pet  Inst.  Ball.  132,  Dee.  10,  1920,  p.  58. 
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analjrsis,  it  is  an  industry  comparable  to  the  low-grade  ore  mining 
industries  of  the  Western  States.  Like  them,  it  will  require  the  serv- 
ices of  the  highest  types  of  business,  executive,  and  technical  skill, 
backed  by  a  large  capital ;  and  the  investors  must  be  able  and  pre- 
pared to  wait  a  considerable  time  for  a  conservative  return  on  the 
investment. 

The  development  of  the  oil-shale  industry  should  be  promoted 
legitimately  and  honestly.  It  can  be  best  developed  and  the  right 
kind  of  backing  encouraged  by  presenting  facts  and  not  half- 
proved  theories;  by  deliberately  recognizing  and  facing  the  limita- 
tions and  problems  of  the  industry,  instead  of  glossing  these  over 
with  a  coating  of  vague  estimates  and  statements  of  enormous 
possibilities.  Development  can  be  aided  also  by  the  proper  kind 
of  investigation  and  the  publication  of  the  results  of  investigations 
by  governmental  and  private  agencies,  and  by  the  proper  coopera- 
tion of  governmental  agencies,  petroleum  organizations,  and  shale-oil 
companies.  The  embryonic  oil-shale  industry  should,  for  the  sake 
of  rapid  growth  and  its  future,  clear  itself  of  the  swarm  of  fraudu- 
lent promoters  and  promotion  companies  which  is  so  large  at  present 
that  the  true  position  and  merits  of  the  oil-shale  industry  are  diffi- 
cult for  many  to  see. 

ESTIMATED  COSTS  ASB  PEOilTS  IN  THE  OIIrSHALE  INDUSTBT. 

Those  who  have  had  experience  in  estimating  or  calculating  costs 
and  profits  in  any  large-scale  manufacturing  industry  do  not  need 
to  be  cautioned  as  to  making  similar  estimates  for  the  oil-shale 
industry.  However,  much  promotion  literature  has  appeared,  giv- 
ing estimated  costs  and  profits  of  this  or  that  oil-shale  company, 
operating  or  contemplating  operations,  and  similar  estimates  have 
appeared  from  time  to  time  in  the  technical  and  nontechnical  press. 
All  but  very  few  of  these  estimates  have  neglected  to  include  many 
important  items  of  cost  which  must  be  considered  if  an  estimate 
of  even  fair  accuracy  is  to  be  obtained. 

In  the  first  place,  the  present  status  of  our  oil-shale  industry  is  such 
that  the  making  of  reliable  estimates  of  costs  is  impossible.  Prac- 
tically all  retorting  and  refining  installations  intended  to  treat  oil 
shale  and  shale  oil  are  so  small  that  they  indicate  little  as  to  their 
operation  under  commercial  conditions  or  whether  they  will  work 
at  all  under  such  conditions.  No  one  really  knows  just  what  prod- 
ucts can  or  will  be  made  from  oil  shale,  what  price  these  products 
will  bring  in  a  competitive  market,  or  with  what  degree  of  satisfac- 
tion they  can  be  used.  Rates  of  depreciation  of  equipment  can  not 
be  determined  accurately  from  sonall  and  noncommercial  plants  for 
application  to  large  plants  working  under  commercial  conditions. 
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There  are  other  items  entering  into  the  profit  and  loss  statement 
which  can  not  be  determined  with  even  a  rough  degree  of  accuracy 
at  present.  It  must  be  realized  tiiat  economic  and  competitive  condi- 
tions will  be  different  in  different  districts,  and  that  it  is,  therefore, 
impossible  to  make  a  blanket  estimate  to  cover  operations  in  any 
or  all  districts,  as  has  been  frequently  attempted. 

For  these  reasons  the  writer  does  not  venture  to  estimate  prob- 
able costs  and  profits  for  the  future  American  oil-shale  industry. 
Some  factors  influencing  these  items  will  be  the  "type  of  process 
used;  nature  and  extent  of  shale  deposits;  completeness  of  refining 
the  crude  products;  scale  of  operations;  situation  of  plant  with  re- 
spect to  supplies,  water,  and  markets;  local  cost  of  labor;  and  trans- 
portation costs  and  facilities.  Such  factors  may  be  very  different 
for  different  companies  and  must  be  considered  for  each  plant. 

It  may  be  worth  while  to  point  out  some  items  entering  into 
cost  estimates  for  the  oil-shale  industry,  many  of  which  have  been 
frequently  overlooked  or  ignored  by  those  who  have  publicly  issued 
statements  of  estimates. 

SOME  ITEMS  TO  BE   CONSIDEBED   IN   ESTIMATING   COSTS." 

CAFTTAL  INVESTMENT. 

The  main  items  of  capital  investment  will  consist  of  the  following: 

(a)  Cost  of  land,  in  which  may  be  included  legal  expense  in  con- 
nection with  clearing  of  title;  cost  of  surveying;  water  rights;  per- 
manent improvements,  such  as  road  building;  and  cost  of  sampling 
and  preliminary  assays. 

(b)  Buildings,  including  those  necessary  for  mining,  crushing, 
storage,  and  retorting  of  the  shale,  and  for  refining  the  products. 
This  item  will  also  include  machine  shop,  laboratories,  garage,  office, 
buildings  for  housing  labor,  and  the  like. 

(e)  Machinery  and  equipment,  including  that  necessary  in  mining, 
retorting  and  refining  operations;  power-plant  equipment;  labora- 
tory equipment;  garage  equipment  (machinery  and  automotive 
equipment) ;  machine-shop  equipment ;  furniture  and  fixtures  for 
office,  laboratory,  and  camp;  and  transportation  equipment  (tanks, 
barrels,  drums,  tank  cars,  pipe  lines,  trucks,  and  the  like) . 

MANUFACTURINO  EXPENSE. 

Under  manufacturing  expense  are  grouped  many  items  of  expense 
frequently  overlooked  in  making  estimates.  Manufacturing  expense 
includes  the  following : 

■  The  material  in  thia  section  is  based  on  a  report,  **  Some  Items  of  liiTeatinent,  ezpeuie. 
and  profit  In  oH-shale  operations  ** :  Reports  of  Investigratlons,  Bureau  of  Mines,  Serial 
No.  2214,  February,  1921,  prepared  by  L.  H.  Sharp  and  A.  T.  Btranlc.  of  the  State  of 
Colorado  Cooperative  Oil-Shale  Laboratory,  Boulder,  Colo.,  with  the  aaalattance  of  the 
writer. 
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(a)  Material. — Cost  of  raw  material  includes  either  the  purchase 
price  of  the  land  or  the  rentals  and  royalties  on  leased  land.  If 
the  land  is  purchased  it  constitutes  a  wasting  asset  and  depreciates 
in  value  for  every  ton  of  shak  mined.  Under  this  heading  may  also 
be  included  costs  of  supplies,  chemicals,  fuel,  water,  etc.,  used  in 
mining,  retorting,  and  refining,  and  cost  of  their  delivery  to  the  plant. 
Sulphuric  acid  and  caustic  soda  will  probably  be  used  in  refining, 
and  these  chemicals  constitute  an  important  item  of  cost.'*  There 
may  also  be  included  under  this  heading  the  cost  of  packing  and  pre- 
paring products  for  market,  although  this  may  better  be  charged  to 
sales  expense  or  to  plant  overhead. 

(6)  Direct  labor, — ^Labor  entering  into  the  direct  production  of 
shale  oil  and  its  products.  It  should  be  distributed  properly  for  each 
stage  of  mining  and  manufacture. 

(c)  Overhead  expense. — ^Overhead  includes  indirect  labor;  super- 
intendence; depreciation  of  plant  and  equipment;  heat,  light,  and 
power ;  taxes ;  insurance ;  repairs  and  maintenance ;  interest  on  value 
of  products  in  storage;  miscellaneous  supplies;  laboratory  mainte- 
nance; and  miscellaneous  expense.  Overhead  should  also  be  dis- 
tributed properly  for  each  stage  of  mining  and  manufacture. 

SELLING  AND  GENERAL  EXPENSE. 

The  main  items  of  selling  and  general  expense  would  be  some- 
what as  follows:  Salaries  of  general  office  force  and  sales  force; 
advertising;  commissions;  insurance  on  office  buildings,  fixtures,  and 
sales  equipment ;  office  supplies  and  maintenance ;  taxes  on  office  build- 
ing and  sales  equipment;  heat,  light,  and  power  for  office  building; 
depreciation  of  office  building,  furniture,  fixtures,  and  distributing 
and  sales  equipment;  repairs  on  and  maintenance  of  delivery  and 
sales  equipment ;  interest  and  expense  on  unpaid  obligations ;  travel- 
ing expenses;  cost  of  legal  services  and  accident  insurance  or  com- 
pensation for  employees.  Shrinkage  in  quantity  of  products  between 
refining  and  selling  point  should  be  charged  to  selling  expense. 

The  above  statement  of  items  of  investment  and  expense  for  the  in- 
dustry does  not  pretend  to  be  complete,  but  it  may  serve  to  indicate 
that  many  of  the  hitherto  published  cost  estimates  for  oil-shale  opera- 
tions are  not  as  comprehensive  as  they  should  be. 

SOURCES  OF  PBOFIT. 

The  probable  sources  of  profit  in  the  oil-shale  industry  are  crude 
oil  or  its  products  which  ultimately  are  expected  to  be  motor  fuels, 

>■  Losses  in  refining  shale  oil  will  be  greater  than  losses  incurred  In  the  equivalent  re- 
fining of  petroleum.  Such  losses  must  he  charged  to  the  particular  stage  of  manufacture 
in  which  the  loss  occurs  and  the  amount  of  such  loss  based  on  the  value  of  the  refined, 
not  the  crude,  product. 
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buming  oils,  gas  and  fuel  oils,  lubricants,  paraffin  wax,  nitrogen 
compounds  derived  from  oil,  shale  gas  (which  may  be  an  indirect 
source  of  profit  by  reducing  fuel  costs,  as  also  may  refinery  sludges 
if  burned  under  stills),  and  possibly  ammonium  sulphate  or  similar 
ammonia  salts.  There  may  also  be  important  by-products  and  spe- 
cialties, but  as  yet  it  is  not  safe  to  calculate  on  them. 

The  total  income  from  these  sources  must  be  sufficient  to  coyer 
numuf  acturing,  marketing,  and  general  expense,  and  leave  a  margin 
for  depletion  reserves  and  for  profit  on  capital  invested.  Income 
must  be  calculated  on  the  basis  of  current  refinery  prices,  not  retail 
prices.  The  difference  between  these  two,  lees  transportation  and 
sales  expenses,  will  be  the  profit  of  the  retail  sales  division,  if  the 
organization  has  its  ovm  retail  sales  agency  and  if  there  is  any 
profit  to  be  made  in  retailing. 


APPENDIX. 


SAMPLING  ASB  AS8ATIN0  OIL  SHALES. 

SAMPLING. 

Before  a  deposit  of  oil  shale  is  opened,  the  operator  will  wish  to 
determine  the  probable  quantity  of  oil  and  other  products  obtain- 
able from  the  shale,  and  also  to  decide  on  what  part  of  the  deposit 
to  work.  After  operations  have  started,  it  will  be  advisable  to 
make  assays  of  samples,  taken  from  the  mine  and  from  new  workings, 
to  serve  as  a  check  on  commercial  retorting  operations  and  to  in- 
sure that  the  shale  sent  to  the  retort  does  not  go  below  a  certain 
minimum  richness. 

Probably  the  most  important  factor  entering  into  the  value  of 
an  oil-shale  assay  is  the  method  used  in  taking  and  preparing  the 
sample.  The  accuracy  and  reliability  of  any  analysis  depends  pri- 
marily on  the  fairness  of  the  sample  taken,  that  is,  whether  it  ac- 
curately represents  the  deposit  sampled.  Samples  must  be  so  taken 
as  to  represent  accurately,  in  proper  proportions,  the  entire  deposit 
under  consideration.  It  is  not  particularly  easy  or  simple  to  ob- 
tain a  representative  sample  from  any  shale  deposit. 

In  sampling  shale  it  is  important  to  take  the  samples  from  be- 
yond the  zone  of  surface  weathering,  and  for  this  reason  it  is  recom- 
mended that  they  be  taken  by  core  drilling.  However,  especially  in 
massive  deposits,  surface  weathering  apparently  does  not  affect  the 
shale  for  more  than  a  few  inches  from  the  outcrop,  and  in  many 
places,  therefore,  it  should  be  satisfactory  to  cut  a  trench  perpendicu- 
lar to  the  bedding  plane  of  the  seam  and  across  the  entire  face  of  the 
seam.  This  trench  should  be  of  uniform  width  and  depth,  and 
material  taken  from  the  first  6  or  8  inches  from  the  outcrop  should 
not  be  included  in  the  sample.  In  this  case  it  is  recomimended  that  a 
sample  of  at  least  100  pounds  be  taken,  crushed,  and  quartered  down 
to  25  pounds.  This  quantity  should  be  crushed  to  maximum  size  of 
one-half  inch  and  again  quartered  to  5  pounds,  which  should  be 
crushed  to  maximum  size  of  one-fourth  inch,  thoroughly  mixed,  and 
used  for  assaying. 

Sampling  at  a  working  face  could  be  done  in  the  same  manner, 
though  it  would  not  be  necessary  to  reject  the  surface  material,  and 
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at  many  faces  a  head  sample  of  25  pounds  should  be  sufficient.  For 
sampling  a  working  face  it  is  recommended  that  a  trench  4  by  4 
inches  be  cut,  clean  and  uniform,  perpendicular  to  the  bedding  plane 
of  the  seam.  In  sampling  a  trench  care  should  be  taken  not  to  break 
off  very  large  pieces  of  shale,  as  the  richer  material  has  a  tendency  to 
break  in  larger  pieces  than  that  of  lower  grade. 

Generally  the  methods  commonly  used'^  for  mine  sampling,  as 
described  in  any  standard  textbook  on  mining,  should  be  carefully 
followed.  The  accuracy  of  the  assay  depends  on  the  accuracy  of  the 
sample. 

ASSAYINO  OIL  SHALES  FOB  OIL  YIELD. 

Many  field  and  laboratory  methods  have  been  proposed  for  de- 
termining the  oil  yield  of  samples  of  oil  shale.  In  a  previous  publica- 
tion *•  of  the  Bureau  of  Mines  on  oil  shale  the  assay  method  used  in 
Scotland  was  described  and  tentatively  recommended  to  American  oil- 
shale  investigators.  However,  the  bureau  has  for  some  time  been 
studying  methods  for  testing  and  assaying  oil  shales  and  has  de- 
veloped a  method  and  apparatus  which  is  more  convenient  to  use  than 
that  developed  in  Scotland  and  is  of  apparent  greater  accuracy, 
especially  for  the  richer  American  shales.  The  yields  obtained  by 
the  new  apparatus  from  Scottish  shales  are  about  8  gallons  higher  per 
ton  than  those  obtained  by  the  Scottish  method  on  the  same  shale,  but 
the  quality  of  oil  produced  is  about  the  same  with  each  method.  The 
new  method  was  devised  by  L.  C.  Karrick,  of  the  Bureau  of  Mines, 
after  trying  out  practically  all  of  the  proposed  types  of  assay  ap- 
paratus. For  the  purpose  of  this  bulletin  it  will  be  sufficient  to  quote 
from  a  report  *•  describing  the  apparatus  and  the  method  of  use. 

Figure  4  illustrates  the  assay  retort  now  used  by  the  bureau.  The 
parts  necessary  to  set  up  the  apparatus  are  indicated  and  may  be 
purchased  from  any  good  chemical  or  assay  supply  house.  By  ob- 
servance of  the  directions  below,  the  results  of  duplicate  determina- 
tions can  be  expected  to  agree  within  1  to  1^  per  cent  in  the  field  and 
within  less  than  1  per  cent  if  the  apparatus  is  used  in  the  laboratory. 


«*  The  following  publleationB  of  the  Bureau  of  Mines  describe  reeommended  methods  of 
Mmpling  eoal : 

Pope,  G.  S.,  Sampling  coal  dellTeries  and  types  of  Government  speciflcationB  for  the 
purchase  of  coal :  BulL  63,  1913,  63  pp. ;  Methods  of  sampling  deliTered  coal,  and  spedfl- 
cations  for  the  purdiase  of  coai  for  the  Government :  Bull.  110,  1916,  64  pp. ;  DirecUoni 
for  sampling  coal  for  shipment  or  delivery :  Tech.  Paper  183,  1917,  15  pp. 

Holmes,  J.  A.,  The  sampling  of  coal  in  the  mine :  Tech.  Paper  1,  1911,  18  pp. 

Fieldner,  A.  C^  Notes  on  the  sampUsg  and  analysis  of  coal :  Tech.  Paper  76,  1914. 

59  pp. 
» Gavin,  M.  J.,  Hill,  H.  H.,  and  Perdew,  W.  B.,  Notes  on  the  oil-shale  induatry  with 

particular  reference  to  the  Rocky  Mountain  district:  Reports  of  InTestigatiooSk  Bureso 
of  Mines,  Serial  No.  2250,  April,  1921,  p.  19. 

•  Karrick,  L.  C,  A  convenient  and  reliable  retort  for  assaying  olt  shales  for  oil  yield : 
ReporU  of  InvestigaUoos,  BoreBO  of  Minea»  Serial  No.  2229,  March,  1921,  revised  April, 
1922.  6  pp. 
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METHOD  OF  OFERATXNQ  ASSAY  RETORT. 
SEALING  OF  BETOBT  IMPOSTANT. 

In  assembling  the  outfit,  all  pipe  threads  should  be  turned  up  tightly  with  a 
mixture  of  pulverized  litharge  and  glycerin.  The  connections  (12)  with  the 
reflux  condenser  (11)  and  with  the  graduate  (10)  should  also  be  well  sealed 
with  the  same  cement  unless  the  highest  grade  corks  are  used. 
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B*ioDBB  4. — OU*«bale  assay  retort. 

Extreme  care  should  be  exercised  in  the  preparation  and  maintenance  of  the 
contact  surfaces  of  the  lid  and  base  of  the  retort.  These  surfaces  will  not  form 
a  gas-tight  fit  when  new,  and  this  defect  must  be  remedied  by  grinding  the  two 
parts  together  by  hand,  using  No.  220  carborundum  and  water,  as  in  grinding 
cylinder  valves.    The  grinding  is  facilitated  by  clamping  the  lid  in  an  inverted 
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position  on  a  table  and  pressing  down  lightly  on  the  base  whUe  rotating  it 
After  grinding,  clean  the  parts  thoroughly  with  clean  water,  clamp  tlie  lid  In 
place,  then  test  the  Improved  contact  by  immersing  the  retort  in  water,  and 
forcing  air  into  the  delivery  tube,  with  the  lungs.  If  small  air  bubbles  appear, 
the  leakage  must  be  repaired.  Try  readjusting  the  lid,  and  if  this  does  not  stop 
the  leakage,  then  repeat  the  grinding.  The  first  preparation  of  the  contact 
surfaces  may  require  one-half  to  an  hour's  time,  but  once  an  air-tight  contact 
is  produced,  a  slight  grinding  before  each  run  will  keep  the  surfaces  in  perfect 
condition.  The  improved  surfaces  will  form  a  gas-tight  contact  If  kept  perfectly 
clean  and  aligned  while  tightening  the  clamp. 

It  is  unnecessary  to  use  a  cement  between  the  contact  surfaces  when  they 
are  properly  prepared,  and  it  is  recommended  that  no  cement  be  used.  All  the 
cements  tested  for  this  purpose  have  been  found  to  be  unsuitable,  either  because 
they  fail  to  seal  the  joint  or  adhere  so  tenaciously  that  difficulty  is  erperioiced 
in  cleaning  the  surfaces  for  subsequent  runs,  or  become  more  or  less  porous  on 
heating,  causing  loss  of  oil  by  capillarity.  A  clean,  well-prepared  emery-ground 
joint  is  convenient  and  reliable,  and  when  tested  as  above  described,  assurance 
can  be  had  that  no  oil  has  been  lost  during  the  run  through  leakage  of  vapors. 
After  a  little  experience  has  been  gained,  each  retort  can  be  ground  and  made 
ready  for  a  run  in  five  minutes. 

It  is  important  to  use  a  jacket  around  the  retort  while  heating,  permitting 
about  one-quarter  of  an  inch  clearance  at  the  sides  and  high  enough  to  dear 
the  clamp  screw  on  top.  Holes  must  be  cut  in  the  jacket  for  ring  supi>ort  and 
delivery  tube.  A  cover  of  asbestos  board  is  necessary  to  reflect  heat  down 
against  the  retort  lid,  otherwise  much  oil  will  condense  on  the  inner  side  of 
the  lid,  and  drip  down  on  the  shale  in  the  retort,  thus  causing  losses  by  second- 
ary distillation. 

OPEBATION  OF  THK  BXTOBT. 

Crush  the  shale  so  that  all  will  pass  a  one-quarter  inch  screen  or  smaller 
mesh.  Mix  the  samples  thoroughly  and  then  weigh  out  just  enough  to  fill  the 
retort  (2)  level  full.  Tamping  the  charge  into  the  retort  is  permissible  and 
will  not  affect  the  results;  this,  however,  is  seldom  necessary,  and  experience 
has  demonstrated  that  it  is  better  to  permit  the  charge  to  rest  loosely  in  the 
retort,  as  some  rich  shales  intumesce  or  coke  together,  and  removal  of  the 
residue  in  such  cases  is  usually  difficult  After  the  lid  is  fastened  carefully  in 
place  and  tested  for  leakage  as  directed  above,  place  the  retort  in  ring  support 
(5),  adjust  jacket  (S)  and  cover  (4)«  start  the  burner  (2),  then  fasten  the 
graduated  cylinder  (10)  and  reflux  condenser  (li)  tightly  in  place.  Use  a  very 
small  flame  at  first,  so  that  no  oil  will  appear  within  one  hour  after  starting. 
One  hour  is  about  the  minimum  time  in  which  the  shale  charge  can  be  brought 
up  to  the  initial  distillation  temperature  and  yet  possess  a  fairly  even  tempera- 
ture throughout  Some  shales  begin  to  yield  vapors  at  approximately  200"'  Cm 
whereas  others  show  no  signs  of  oil  vapors  until  375*  G.  is  reached.  Before 
distillation  makes  much  progress,  the  interior  or  coolest  shale  should  be  at  least 
as  hot  as  the  vaporizing  temperature  of  the  oil  evolved,  otherwise  vapors  will 
migrate  to  the  central  or  coolest  part  and  condense  there,  causing  losses  of  oil 
by  cracking  on  redistillation  of  the  condensed  olL 

When  about  1  c  c  of  oil  has  accumulated,  the  flame  should  be  increased. 
If  the  maximum  quantity  of  oil  is  desired,  it  is  Imperative  to  distill  rapidly 
as  soon  as  oil  appears  in  the  receiver.  If  the  flame  has  been  of  such  size  that 
oil  flrst  appears  in  about  60  minutes,  it  will  then  be  safe  to  double  the  size  of 
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the  flame,  and  thereafter  every  20  to  40  minutes  to  increase  the  heat  by  an 
equal  amount  The  oil  should  accumulate  in  the  graduate  at  a  uniform  rate, 
and  the  analyst  will  soon  become  adept  at  pushing  the  rate  of  retorting  without 
exceeding  the  condenser  capacity.  It  should  be  remembered  that  the  quantity 
of  oil  recovered  will  vary  for  the  same  shale  sample  if  the  rate  of  retorting 
varies,  the  greater  quantity  being  obtained  with  rapid  retorting  and,  conversely, 
a  much  less  amount  with  a  long  distillation  period.  With  the  average  oil 
shale  the  recovery  when  the  actual  oil-producing  period  is  approximately  2 
hours  will  be  5  per  cent  greater  than  when  a  6-hour  distillation  period  is  used. 
When  distillation  is  completed  in  less  than  2  hours,  there  is  danger  of  inac- 
curacy from  exceeding  the  condenser  capacity  and  from  decomposition  of  oil 
vapors  by  excessive  temperatures.  When  heat  is  being  supplied  very  rapidly  the 
temperature  surrounding  the  distilling  shale  particles  may  be  much  higher  than 
is  required  for  further  oil  production.  This  condition  is  brought  about  by  the 
low  thermal  conductivity  of  the  shale  and  by  the  heat-consuming  reactions  that 
take  place  as  destructive  disilllatlon  progresses  Inwardly  from  the  surface  of 
each  shale  particle  toward  its  center.  The  surface  of  the  shale  particle  will, 
therefore,  be  the  hottest  part,  and  it  is  through  this  hot  zone  that  the  vapors 
must  pass  in  finely  separated  capillary  streams  in  escaping  from  the  porou» 
spent  shale.  This  condition  will  cause  some  cracking  and  loss  of  oil.  Distilla- 
tion should  be  rapid,  however,  when  the  maximum  yield  of  oil  Is  desired,  in 
order  to  prevent  stagnation  of  oil  vapors  within  the  hot  retort  or  connection, 
and  in  all  cases  should  progress  at  a  uniform  rate.  If  oil  droplets  appear  near 
the  top  of  the  reflux  condenser  (11),  the  rate  of  heating  must  be  retarded 
slightly.  The  condenser  has  been  made  small  in  order  to  limit  to  a  safe  maxi- 
mum the  rate  of  retorting  that  will  assure  the  greatest  recovery  of  oil  of  high 
quality  from  the  average  oil  shala 

If  distillation  has  progressed  uniformly,  the  rate  of  oil  accumulation  will 
decline  very  suddenly  as  the  last  oil  is  being  distilled  off,  and,  when  this 
cessation  becomes  apparent,  the  flame  should  once  more  be  increased  the  usual 
amount,  which  will  be  sufiicient  to  finish  the  distillation.  White  vapors  may 
appear  at  the  end  of  the  run,  but  these  have  been  found  to  be  noninflammable 
and  to  carry  no  oil  vapors.  The  delivery  tube  should  be  kept  warm  throughout 
the  run  in  order  to  prevent  the  oil  from  congealing  therein  and  to  save  delay 
in  draining  at  the  end  of  the  run.  When  it  is  observed  that  the  rate  of 
accumulation  of  oil  has  suddenly  declined  and  the  bottom  of  the  retort  has 
become  a  very  dull  red,  it  can  be  safely  assumed  that  the  distillation  of  oil 
is  completed,  as  this  temperature  is  well  above  the  final  oil-yielding  temperature 
for  all  oil  shales.  The  heating  should  continue  for  a  half  hour  longer  to  per- 
mit complete  drainage  of  the  delivery  tube  and  reflux  condenser. 

MSASTJRSHENT  OF  THE  OIL  KEOOVERED. 
VOLUVKmO  ICSTHOD. 

Inexperience  in  measuring  the  accumulated  oil  will  cause  a  much  greater 
error  in  results  than  will  a  lack  of  refinement  in  retorting  technique  or  imper- 
fections in  the  retort. 

The  stoppered  graduate  and  contents  must  be  warmed  until  the  oil  is  in  a 
very  fiuid  condition.  Allow  the  oil  to  settle  well ;  some  water  Is  given  off  near 
the  last  stages  of  distillation  and  will  remain  suspended  in  the  partially  con- 
gealed oil.  In  order  to  read  accurately  the  volume  of  the  oil  and  water,  it 
is  necessary  to  assist  the  formation  of  a  perfect  meniscus  by  releasing  any 


146  OIL  SHAI& 

oil  and  water  clinging  to  the  sides  of  the  graduate.  This  is  best  accom- 
plished by  revolving  the  graduate,  wliiie  still  warm,  between  the  palms  of 
the  hand.  Bead  the  upper  level  of  the  oil  and  then  the  lower  level,  if  it  is 
well  defined  and  is  not  rendered  obscure  by  emulsion,  sediment,  or  dinging 
oil  and  water.  The  following  procedure  will  facilitate  accurate  reading  of  the 
lower  meniscus  and  also  provide  against  the  possibility  that  water  and  sedi- 
ment may  not  have  settled  out  completely.  With  a  pipette  draw  off  all  but  a 
few  cubic  centimeters  of  the  oil  while  still  warm;  dilute  the  contents  of  the 
graduate  with  10  to  20  c  c  of  clean  gasoline,  and  agitate  gently  till  the 
emulsion  disappears.  Allow  the  soluticm  of  shale  oil  and  gasoline  to  settle, 
then  draw  off  and  discard  it;  add  gasoline  as  before.  Bepeat  as  often  as 
required,  until  a  clear  meniscus  results.  From  the  number  of  cubic  centimeters 
of  oil  collected  calculate  the  gallons  of  oil  per  ton  of  shale. 

OUVIMSnUC  MSTHOn. 

To  determine  more  accurately  the  amount  of  oil  recovered,  weigh  the 
graduate  and  contents  and  allow  sufficient  time  to  settle  w^l,  while  warm. 
(The  weight  should  be  expressed  in  grama)  Remove  the  oil  and  determine 
its  weight  by  the  method  described  below.  Draw  off  with  a  large  pipette  all 
the  oil  except  4  or  5  c.  c.,  being  extremely  careful  that  no  water  or  sediment 
is  drawn  into  the  pipette.  Set  this  sample  aside  for  specific  gravity  and  other 
determinations  as  it  will  be  a  sufficiently  representative  sample  of  the  total 
oil  recovered.  Dilute  the  remaining  few  cubic  centimeters  of  oil  with  20  c.  c. 
of  petroleum  ether,  and  while  adding  the  ether  wash  down  the  inner  sides 
of  the  graduate  with  the  solvent  When  all  the  water  and  solids  have  settled 
and  the  shale  oil  is  well  mixed  with  the  petroleum  ether,  draw  off  the  clear 
liquid  nearly  to  the  level  of  the  water  and  discard  it  Bepeat  this  washing 
process  several  times  until  a  colorless  solution  of  ether  remains  on  top  of  the 
water  and  no  shale  oil  is  left  clinging  to  the  walls  of  the  graduate.  Bemove 
the  ether  to  approximately  the  level  of  the  water  and  eliminate  the  balance 
by  evaporation.  The  last  of  the  ether  is  very  quickly  removed  by  tipping  the 
graduate  as  far  as  possible  to  one  side  without  spilling  the  contents,  then  re- 
volving the  graduate  while  blowing  into  it;  the  ether  is  picked  up  on  the 
side  walls  of  the  graduate  during  rotation,  thus  providing  a  large  eyaporating 
surface.  As  soon  as  the  ether  disn^PPears,  which  will  require  scarcely  a  minute^s 
time,  weigh  the  graduate,  now  containing  the  water  and  sediment  only,  and 
subtract  this  weight  from  the  original  weight ;  the  difference  wUl  be  the  total 
weight  of  the  oil  obtained  from  the  shale.  Determine  the  specific  gravity  of 
the  oil  first  removed,  with  the  Barrett,  Regnault,  or  similar  type  of  specific 
gravity  bottle,  and  divide  the  total  weight  of  oil  obtained  by  the  specific 
gravity.  The  result  will  be  the  true  volume  of  oil  in  cubic  centimeters,  at  the 
temperature  of  the  specific  gravity  determination.  (Ordinarily  60*  F.)  This 
is  converted  to  gallons  of  oil  per  ton  of  shale  by  use  of  the  formula : 

Clubic  centimeters  of  oil  X  240 
Gallons  of  oil  per  ton  of  8hale=Q^^jg  ^^  ^^^^^  ^^^  j^  ^^^^^ 

Duplicate  volumetric  determinations  should  agree  within  2  per  cent  and 
gravimetric  determinations  within  1  per  cent 

The  table  of  factors  given  in  Table  24  below  will  facilitate  calculation& 
For  any  given  weight  of  shale  used  (column  1  or  2),  select  the  corresponding 
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actor  in  column  3.  DiTlde  by  this  factor  the  volame  of  oil  collected  (In  cable 
entlmeters)  in  order  to  convert  into  gallons  of  oil  per  ton  of  sbala  For  shale 
barges  whose  weights  In  grams  are  not  even  multiples  of  10  it  will  be  necessary 
o  interpolate  to  obtain  the  proper  factor. 

Table  24. — Faotara  faoiUtatinff  oaioulaticna  of  oU^shale  assays* 


Weight  of  retort  eharge. 

Weight  of  retort  diarfe. 

Qnunfl. 

Ounces. 

Factor. 

Grams. 

Ounces. 

Factor. 

1 

8 

S 

1 

8 

8 

10 

ass 

a  042 

810 

10.04 

1.294 

20 

.71 

.083 

320 

11.80 

1.335 

30 

1.06 

.125 

330 

11.65 

1.377 

40 

1.41 

.167 

340 

12.00 

1.419 

50 

1.76 

.209 

350 

12.36 

1.460 

60 

2LI2 

.260 

860 

12.71 

L502 

70 

2.47 

.292 

370 

13.06 

1.544 

SO 

2.82 

.384 

380 

13.41 

1.586 

90 

8.18 

.376 

300 

13.77 

1.627 

100 

8.53 

.417 

400 

14.12 

1.660 

110 

3.88 

.450 

410 

14.47 

1.711 

120 

4.24 

.501 

420 

14.83 

1.7S3 

130 

4.50 

.542 

430 

15.18 

L794 

140 

4.94 

.584 

440 

15.53 

L836 

150 

5.29 

.626 

450 

15.88 

1.878 

160 

5.65 

.668 

400 

16.24 

1.919 

170 

6.00 

.700 

470 

16.59 

1.961 

•180 

6.35 

.751 

480 

16.94 

2. 008 

190 

6.71 

.798 

490 

17.30 

2.045 

200 

7.06 

.835 

500 

17.65 

2.080 

210 

7.41 

.870 

510 

18.00 

2.128 

220 

7.77 

.918 

520 

18.36 

2.17D 

230 

&12 

.960 

530 

18.71 

2.212 

340 

&47 

1.001 

540 

19.06 

2.255 

250 

&82 

1.043 

550 

19.41 

2.205 

260 

a  18 

1.066 

560 

19.77 

2.337 

270 

9.53 

1.127 

670 

20L12 

2.379 

280 

9.88 

1.168 

580 

2a  47 

2.420 

290 

10.24 

1.201 

500 

20.83 

2.462 

300 

ia50 

1.252      , 

1 

000 

21.18 

8.504 

Plate  Xym  is  an  alignment  chart  prepared  to  facilitate  calcu- 
lations of  results  with  the  assay  retorts.  Larger-scale  copies  of  this 
chart  can  be  obtained  from  the  Director  of  the  Bureau  of  Mines, 
Washington,  D.  C. 

Figure  4  also  illustrates  a  method  of  connecting  up  a  battery  of 
four  assay  retorts  to  the  .same  gafi  supply,  so  as  to  permit  simultane- 
ous distillations  with  all  retorts.  The  manometer  system  of  connec- 
tions provides  a  means  of  observing  instantly  the  gas  pressure  at 
each  burner,  and  therefore  each  burner  can  be  regulated  to  give  any 
desired  heat.  This  system  is  in  use  in  the  oil-shale  laboratories  of  the 
Bureau  of  Mines  and  provides  accurate  heat  control  when  the  four 
retorts  are  operated  simultaneously,  whether  at  one  rate  or  separate 
rates. 

If  an  oil  or  an  activated  charcoal  scrubber  is  used  with  the  assay 
retort,  scrubber  naphtha  can  be  recovered  from  the  average  shale 
at  the  rate  of  1  gallon  or  more  per  ton.  This  naphtha  is  a  valuable 
product  and  should  be  taken  into  account  if  accurate  results  are  de- 
sired.   If  an  oil  scrubber  is  used,  it  is  connected  to  the  upper  end 
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of  the  reflux  condenaer  by  a  short  piece  of  rubber  tubing,  and  the  gaa 
is  drawn  through  the  oil  by  an  aspirator  or  water  suction  pump 
connected  to  the  outlet  of  the  scrubber  bottle.  A  manometer  must 
be  placed  in  the  line  between  condenser  and  scrubber  to  make  cer- 
tain that  a  slight  negative  pressure  is  maintained.  If  the  gas  pro- 
duced with  the  oil  is  being  collected  in  a  gasometer,  the  discharge 
of  the  gas-scrubbing  bottle  can  be  connected  to  the  gasometer  and 
the  counterweight  of  the  latter  adjusted  to  create  a  slight  negative 
pressure  in  the  system.  A  pinch  clamp  on  the  rubber  tubing  between 
scrubber  and  gasometer  permits  close  regulation  of  pressure  in  the 
retort  condenser  system.  With  this  arrangement  all  connections  must, 
of  course,  be  tight. 

Any  good  type  of  gas- washing  bottle  can  be  used.  About  200  c.  c 
of  scrubber  (mineral  seal)  oil  should  be  used.  Usually  more  accurate 
results  will  be  obtained  if  two  retorts  are  operated  simultaneously 
and  the  gas  from  both  passed  through  the  scrubber.  After  distilla- 
tion is  completed  the  scrubber  oil  is  placed  in  a  300  a  c.  still  of  the 
Engler  type  and  the  naphtha  slowly  distilled  off.  The  condenser 
should  be  cooled  with  a  mixture  of  ice  and  water  and  the  distillate 
collected  in  a  cooled,  graduated  receiver.  When  almost  all  the 
naphtha  has  been  distilled  from  the  oil,  a  ring  of  oil  will  be  seen 
gradually  creeping  up  the  neck  of  the  distilling  flask.  When  this 
ring  has  come  within  an  inch  of  the  side  outlet,  or  delivery  tube, 
distillation  should  be  stopped.  The  yield  of  naphtha  should  be 
calculated  according  to  the  formula: 


Gallons  of  napbtha 
per  ton  of  shale 


Cable  centimeters  of  naphtha  recovered  X  240 
Grams  of  shale  used  In  retort 


If  two  retorts  have  been  connected  to  one  scrubber,  the  total  weight 
of  shale  in  both  should,  of  course,  be  used  in  the  formula. 

Fresh  scrubber  oil  should  be  used  in  each  determination ;  it  should 
have  an  initial  boiling  point  not  lower  than  450^  F. 

In  the  laboratories  of  the  Bureau  of  Mines  activated  charcoal  is 
used  as  an  absorbing  medium.  A  glass  or  metal  cylinder  of  about 
100  c.  c.  capacity,  and  having  inlet  and  discharge  connections  at  op- 
posite ends,  is  filled  with  activated  charcoal  specially  prepared  for 
gas  scrubbing.  Plugs  of  cotton  are  placed  at  each  end  of  the  cylin- 
der to  keep  the  charcoal  from  passing  into  the  inlet  and  discharge 
tubes.  All  connections  should  be  tight.  The  absorber  is  connected  to 
the  end  of  the  reflux  condenser  of  the  assay  retort  with  a  short  piece 
of  rubber  tubing.  (Two  retorts  can  be  connected  to  one  absorber.) 
With  this  kind  of  absorber  it  is  not  necessary  to  use  a  pump  or  aspira- 
tor to  draw  the  gas  through. 
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After  the  run  has  been  completed  the  absorber  is  disconnected 
and  superheated  steam  at  about  570^  F.  is  passed  into  one  end,  while 
the  other  is  connected  to  a  metal  condenser  cooled  with  ice  water. 
The  steam  should  be  passed  through  slowly,  and  at  the  end  the  whole 
body  of  charcoal  should  reach  the  temperature  mentioned  above. 
The  steam  and  naphtha  will  condense  together  and  separate  cleanly 
in  the  graduated  receiving  cylinder,  which  should  be  immersed  in  a 
beaker  filled  with  shaved  ice  and  water.  After  accumulation  of 
naphtha  has  ended  steam  should  be  passed  through  for  10  minutes 
more,  when  the  charcoal  will  be  in  condition  for  reuse.  The  yield  of 
naphtha  is  calculated  by  means  of  the  formula  given  above. 

ESTIMATION  OF  AKHONIA   YIELDS  FBOH   OIL   SHALE. 

It  is  a  relatively  simple  matter  to  determine  the  total  nitrogen 
content  of  an  oil  shale  and  from  this  to  calculate  the  theoretically 
maximum  yield  of  ammonium  products — usually  ammonium  sul- 
phate. >It  is  not  definitely  known  as  yet  if  it  will  be  desirable  to  try 
to  recover  nitrogen — as  ammonia  or  other  products — ^from  American 
oil  shales,  but  there  is  a  fair  probability  that  nitrogen  will  be  recov- 
ered in  some  f  orm^  In  view  of  the  lack  of  knowledge  of  the  processes 
that  will  be  used  in  domestic  oil-shale  operations,  and  how  adaptable 
these  processes  will  be  for  making  nitrogen  products,  or  what  par- 
ticular nitrogen  products  will  be  made,  it  is  the  opinion  of  the  writer 
that  a  determination  of  the  total  nitrogen  in  an  oil  shale  should 
furnish  a  satisfactory  basis  for  estimating  possible  yields  of  nitrogen 
products. 

Although  it  is  highly  improbable  that  in  commercial  practice  all 
the  nitrogen  in  an  oil  shale  can  be  converted  into  marketable  prod- 
ucts, yet  knowledge  of  the  total  nitrogen  will  give  a  good  indication 
of  the  value  of  shales  as  sources  of  nitrogen  compounds,  whatever 
they  may  be.  Until  more  work  has  been  done  on  the  problem  of 
recovering  nitrogen  from  oil  shales,  the  writer  does  not  believe  it 
advisable  to  recommend  any  analytical  or  testing  method  for  oil 
shales  that  will  give  results  expressed  in  terms  of  commercial  yields 
of  any  particular  nitrogen  product,  for  the  reason  stated  above.  If 
total  nitrogen  is  determined,  it  can  be  converted  into  terms  of  am- 
monium sulphate  (or  any  other  expected  product),  and  for  the  time 
being,  60  per  cent  of  the  theoretically  maximum  recovery  can  be 
taken  as  perhaps  representing  the  possible  commercial  production. 
In  Scotland  60  per  cent  of  the  nitrogen  of  the  shale  is  recovered  as 
ammonium  sulphate. 

The  common  methods  used  for  determining  total  nitrogen  in 
coals,  oil  shales,  and  the  like  are  usually  modifications  of  the  Kjel- 
dahl  method,  well  known  to  organic  chemists.    The  particular  modi- 
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ficatkm  of  this  iDethod  used  with  good  resalts  by  the  writer  is  the 
Kjeldahl'<Tii]iiiiiig  method;  as  applied  to  oil  shales  it  is  as  follows: 

KETHOD  FOR  OETERMIKATION  OF  TOTAL  KTEBOGBK.'* 

Samples  are  carefully  quartered,  and  one-quarter  is  ground  to 
pass  a  60-mesh  sieve.  One  gram  of  this  fine  material  is  digested 
with  30  c.  c.  of  concentrated  sulphuric  acid,  5  grams  of  potassium 
sulphate,  and  0.5  gram  of  mercury,  in  a  500  c  c  Kjeldahl  flask  for  4 
hours,  or  until  the  shale  is  perfectly  white.  It  is  advisable  to  place 
a  small  funnel  in  the  neck  of  the  digestion  flask  to  prevent  spattering 
of  the  liquid  during  the  digestion.  After  the  flask  has  cooled  for 
10  minutes,  add  a  few  crystals  of  potassium  permanganate  to  insure 
complete  oxidation. 

After  thorough  cooling,  the  solution  is  diluted  to  200  c  c.  with  dis- 
tilled water,  and  25  a  c.  of  potassium  sulphide  solution  (40  grams 
potassium  sulphide  per  liter)  is  then  added  to  precipitate  the 
mercury.  One  gram  of  powdered  zinc  and  a  small  piece  of  paraffin 
are  next  added  to  prevent  bumping  and  foaming  during  the  dis- 
tillation. Then  enough  saturated  sodium  hydroxide  solution  to  make 
the  contents  of  the  flask  distinctly  alkaline  is  added  cautiously. 
Danger  of  loss  of  ammonia  while  the  alkali  is  being  added  can  be 
minimized  by  holding  the  flask  in  an  inclined  position  and  allowing 
the  sodium  hydroxide  solution  to  form  a  layer  below  the  lighter  acid 
solution.  The  mixture  is  not  shaken  until  the  flask  is  connected  to 
the  condenser. 

Next,  the  flask  is  connected  to  a  regular  Kjeldahl  condenser,  with 
a  condenser  tube  of  block  tin  and  with  a  Kjeldahl  connecting  tube 
between  flask  and  condenser.  The  delivery  tube  of  the  condenser  is 
connected  by  a  piece  of  rubber  tubing  to  a  short  length  of  glass 
tubing,  which  extends  below  the  surface  of  an  acid  solution  in  s 
500  c.  c.  Erlenmeycr  flask.  The  acid  solution  consists  of  10  c.  c.  of 
0.25  normal  sulphuric  acid  solution,  diluted  to  40  c  c  with  distilled 
water. 

The  glass  delivery  tube  is  barely  allowed  to  touch  the  surface  of 
the  acid  in  the  Erlenmeyer  flask  until  after  the  distillation  flask  has 
been  shaken,  to  prevent  the  acid  being  drawn  back  into  the  con- 
denser and  distiUation  flask  immediately  after  the  shaking.  After 
the  distillation  flask  has  been  shaken  to  mix  its  contents  thoroughly, 
the  gas  burner  beneath  is  lighted ;  as  soon  as  the  contents  begin  to 
boil,  the  glass  delivery  tube  is  lowered  to  its  full  extent  in  the 
Erlenmeyer  flask  and  should  then  dip  one-fourth  to  one-half  inch 
below  the  surface  of  the  acid  solution  therein. 


«  This  method  Is  eueDtially  that  nsed  by  the  Bureau  of  Mines  for  determiniiic  nitrogei 
In  coal,  as  descrfhed  by  Stanton,  P.  M.,  and  Vieldner,  A.  C,  Methods  of  analyBtng  coal 
and  ooke :  Tecb.  Paper  8,  Bureau  of  Mines,  1013 ;  pp.  24-25. 
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The  rate  of  distillation  is  so  regulated  that  200  c.  c.  is  distilled 
into  the  Erlenmeyer  flask  in  about  two  hours;  then  the  Kjeldahl 
flask  is  disconnected  and  the  glass  delivery  tube  thoroughly  washed 
into  the  Erlenmeyer  flask  with  distilled  water.  The  excess  acid  in 
the  Erlenmeyer  flask  is  then  titrated  back  with  standard  0.1  normal 
ammonium  hydroxide  solution,  with  methyl  orange  as  an  indica- 
tor. The  strength  of  the  standard  ammonia  is  carefully  checked 
against  the  acid  solution  each  day. 

Blanks  are  run  at  frequent  intervals  during  the  course  of  analyses 
with  1  gram  of  sugar  in  place  of  the  shale  and  the  same  proportions 
of  all  other  reagents,  the  same  time  of  digestion,  and  the  like,  as 
when  an  analysis  is  made.  The  correction  indicated  by  these  blanks 
is  made  in  all  subsequent  shale  analyses.  It  is  particularly  necessary 
to  run  blanks  after  a  new  solution  of  any  of  the  reagents  used  is 
made  up.  Boiling  the  sodium  hydroxide  solution  for  three  or  four 
hours,  after  the  solution  has  been  made  up  and  before  it  has  been 
used  in  the  anal3rsis,  will  usually  make  the  blank  correction  very 
smalL 

Results  can  be  calculated  to  percentage  of  nitrogen  or  directly 
to  pounds  of  ammonium  sulphate  per  ton  of  shale.  Ordinarily  it 
is  convenient  to  calculate  to  percentage  of  nitrogen.  The  percentage 
of  nitrogen  multiplied  by  the  factor  94.3  gives  the  pounds  of  am- 
monium sulphate  per  ton  of  shale.  On  the  basis  of  this  method  of 
analysis,  or  of  any  method  that  determines  total  nitrogen,  such  cal- 
culated yield  of  ammonium  sulphate  must,  of  course,  b^  considered 
as  the  theoretical  maximum  recovery,  probably  never  attainable  in 
commercial  practice.  To  calculate  percentage  of  nitrogen  to  commer- 
cial yields  of  ammonium  sulphate,  based  on  Scottish  working  prac- 
tice, multiply  the  percentage  of  nitrogen,  as  above 'determined,  by 
94.3  and  then  by  0.60. 

DIRECT    METHODS    OF    DETERMINING    AMMONIUM    SULFHATE    YIELDS    IN 

COMMERCIAL  PRACTICE. 

An  earlier  publication*^  of  the  Bureau  of  Mines  has  described 
the  method  used  in  Scotland  for  determining  probable  commercial 
yields  of  ammonium  sulphate  from  oil  shale.  The  bureau,  in  coopera- 
tion with  the  department  of  metallurgical  research  of  the  University 
of  Utah,  has  for  the  past  two  years  been  studying  this  and  other 
methods  of  testing  oil  shales  for  ammonia  recovery.  With  the  ap- 
paratus under  discussion,  by  changing  conditions  only  a  little,  it 
has  been  possible  to  obtain  very  different  results  with  the  same  shale. 
For  this  method  to  be  of  much  value,  operating  conditions  must  be 

•^  OaTln,  M.  J.,  Hill,  H.  H.,  and  Perdew,  W.  B.  Notes  on  the  oa<«hale  industry,  witli 
particular  reference  to  the  Rocky  Mountain  district :  Reports  of  InTestlgatlons,  Bureau  of 
Mines*  Serial  No.  2266,  April,  1921,  p.  21. 

53406**— 23 ^U 


152  OIL  SHAIA 

definitely  fixed  and  rigidly  maintained^  and  these  conditions  will 
probably  differ  for  different  shales. 

As,  an  example  of  the  necessity  of  fixing  definite  conditions  for 
operating  the  Scottish  tube  method  for  determining  ammonium 
sulphate  yi^ld,  the  directions  given  for  operatii^  the  tube  include 
the  statement,  ^*  *  *  the  iron  tube  is  brought  to  a  bright  red 
heat  as  rapidly  as  possible."  The  diversity  of  opinion  among  opera- 
tors as  to  what  shade  of  color  represents  a  bright  red  is  enough  to 
make  a  difference  of  over  10  per  cent  in  the  yield  of  ammonia  from  a 
given  shale  by  this  method.  However,  the  Scottish  tube  method  and 
its  modifications  are  proving  of  value  in  determining  conditions 
most  favorable  for  nitrogen  recovery  from  oil  shales,  and  the  Bureau 
of  Mines  is  therefore  continuing  their  use.  Properly  equipped  with 
pyrometer  control  the  tube  may  be  useful  for  assay  purposes  later 
on,  when  more  is  known  of  the  commercial  methods  that  will  be 
used  for  treating  American  oil  shales. 

Complete  descriptions  of  various  methods  of  testing  oil  shales  for 
ammonia  recovery  and  of  conditions  favorable  for  maximum  am- 
monia recovery  will  be  given  in  a  future  publication. 

PHTSICAL  AND  CHEMICAL  BATA  OH  COLOSADO  OIL  SHALE » 

The  data  pr'esented  below  are  for  a  sample  of  massive  oil  shale 
taken  from  the  Green  River  formation  near  De  Beque,  Colo.,  and 
are  probabjy  representative  of  the  average  shale  of  that  formation. 
Certain  factors,  of  course,  will  not  hold  well  for  Green  River  shales 
that  are  much  richer  or  leaner  than  this  particular  sample,  and  it  is 
not  probable  that  these  data  will  apply  to  oil  shales  from  different 
districts  or  geologic  horizons. 

Physical  and  chemical  characteristics  of  ail  shale  frcm  De  Beque,  Colo, 

1.  Weight  per  unit  volume : 

at         4         4.1  1  -  Weight  per  cobk 

Size  of  particles.  foot,  pounds. 

Uncmshed  (run  of  mine) 63.775 

Plus  1  Inch 54. 775 

Minus  1  Inch — ,  ,  5a  015 

Minus  I  inch 5a  200 

2.  Apparent  specific  gravity :  2.00  to  2.10. 
a  Specific  heat: 

Raw  shale 0. 265 

Shale  spent  by  dry  distillation ^^ 0. 223 

4.  Heat  of  comhusUon :  ^*^SSS.'*' 

Raw  shale , 2, 460 

Shale  spent  by  dry  distillation 600 

5.  Thermal  conductivity:  Mean,  25  to  76*  0 000382 

■GaTin,  M.  J.,  and  Sharp,  L.  H.,  Some  physical  and  chemical  data  on  Colorado  oil 
■hale :  Reports  of  InTeatigationa*  Bareaa  of  Mines,  Benal  No.  2152,  August,  1020,  8  pp. 
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6.  Proximate  analyslfl  of  raw  shala:  Poront. 

Loss  at  HO"  C  (moisture) 0.60 

Loss  on  ignition 40. 00 

Ash 60. 40 

loaoo 

7.  Analysis  of  ash :  Per  cent. 

SlUca   (SlOa) 44.70 

Iron  and  alumina  (FesOi  and  AI2O1 25.00 

Lime  (CaO) 17.65 

Magnesia    (MgO) 5.28 

Undetermined a  77 


100.00 

8.  Oil  yield,  42.7  gallons  per  ton ;  specific  gravity  of  oil,  0.906. 

9.  Heat  of  combustion  of  oil  from  this  shale,  10,216  calories  per  gram  (18,387 

R  t  u.  per  pound). 

AHALTTICAL  DISTILLATIOH  07  SHALE  OILS. 

Experimental  study  of  oil-shale  retorting  involves  the  production 
cf  oil  from  different  shales  under  different  controlled  sets  of  condi- 
tions, and  determination  of  the  quantity  and  quality  of  the  products 
recovered.  For  this  work  the  Bureau  of  Mines  uses  several  types 
of  retorts  and  with  each  type  systematically  alters  the  retorting  con- 
ditions in  the  direction^  indicating  best  results  as  to  oil  production, 
with  regard  to  both  quantity  and  quality  of  the  crude  oiL  The 
problem,  briefly,  is  to  determine  those  conditions  that  from  any 
shale  will  give  tlie  highest  yield  of  the  best  oiL  In  the  investiga- 
tions, shales  typical  of  the  deposits  in  different  States  are  being 
tested. 

At  the  completion  of  each  experiment  the  crude  products  are  ex- 
amined. The  examination  involves  analyses  of  gas,  water,  spent 
shale,  scrubber  products,  and  crude  oiL  Of  these  products,  the 
crude  oil  is  of  course  the  most  important. 

It  is  ordinarily  a  simple  matter  to  determine  the  amount  of  oil 
yielded  by  a  shale,  but  determination  of  the  relative  quality  is  more 
difficult.  Thus  far  the  most  satisfactory  method  found  for  de- 
termining the  quality  of  the  shale  oils  is  an  analytical  fractional 
distillation  of  the  crude  oil  and  examination  of  the  fractions  of  the 
distillation.  This  method,  with  minor  modifications,  is  the  one  used 
by  the  Bureau  of  Mines  for  examining  petroleum ; "  it  is  briefly  de- 
scribed below : 

NATUBB  07  THE  ZiABOBATO&T  DATA. 

The  methods  employed  In  testing  and  analyzing  the  samples  are  to  be  de> 
scribed  in  detail  in  it  bnUetln  that  is  now  in  process  of  preparation.    For  the 

»  Daan,  B.  W^  Propertlw  of  tjpical  crude  oils  from  tbe  SlaBtem  prodadng  fields  of  the 
United  States :  Beports  of  Inrestigatioiii*  Borean  of  Wum,  Serial  No.  2202,  Jan.,  1921, 
P^  2. 
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present,  dlscnssloii  is  confined  to  a  brief  statement  of  tlie  natnie  of  the  methods 
and  to  the  significance  of  the  figures  obtained.  Xhe  following  data  are 
recorded  for  each  sample : 

1.  The  specific  gravity  at  60*  F.  and  the  corresponding  Baumd  gravity  (based 
on  the  modulus  140).**  Actual  measurements  were  in  most  cases  made  by  th« 
use  of  a  specific  gravity  balance. 

2.  The  percentage  of  sulphur.  This  was  determined  by  burning  a  weighed 
quantity  of  oil  in  a  calorimeter  bomb,  precipitating  the  sulphate  formed  as 
barium  sulphate,  filtering,  igniting,  and  weighing. 

3.  The  perecentage  of  water.  If  any  water  was  present  it  was  determined  by 
the  distillation  method. 

4e^  Distillation  at  atmospheric  pressure  with  data  for  the  percentages  dis- 
tilling within  25''  O.  (45*  F.)  limito  up  to  275*  G.  (527*  F.),  and  the  specific 
and  Baumd  gravities  of  the  fractions.  Distillations  were  made  by  the  Bureau 
of  Mines  Hempel  distillation  method,  using  charges  of  300  c  c  of  oil  and  dis- 
tilling through  a  6.5-inch  fractionating  column. 

5.  Vacuum  distillation  at  a  reduced  pressure  of  40  mm.  **  absolute "  of  the 
residuum  from  the  "air  distillation,*'  with  data  for  the  percentage  distilling 
between  25*  a  (40*. F.)  Umits  up  to  300*  G.  (572^  T.)  and  for  the  specific 
and  Baum6  gravities.  Saybolt  universal  viscosities  (at  100**  F.)  and  Fahren- 
heit cloud  tests  of  the  distillation  fractions. 

6.  Gonradson  carbon-residue  percentages  of  the  residuum  from  the  combined 
"  air  *'  and  **  vacuum  "  distillationa 

ADDITIONAL  TESTS   ON  SHALE  OILS. 

Up  to  the  time  data  for  this  bulletin  were  assembled  the  Bureau 
of  Mines  had  not  always  determined  ^percentages  of  sulphur  in  the 
shale  oils.  Therefore  Table  25  (p.  160)  does  not  give  the  p^centage 
of  sulphur  in  every  oil.  At  present,  however,  all  crude  shale  oils 
are  analyzed  for  sulphur  content.  It  has  been  found  that  nearly  all 
shale  oils  contain  rather  large  percentages  of  sulphur;  the  average 
edntent  of  those  thus  far  examined  is  about  0.6  per  cent.  Tliere  is, 
however,  considerable  variation  from  this  figure,  some  oils  running 
somewhat  lower  and  a  number  much  higher. 

Also,  until  recently,  Conradson  carbon-residue  tests  have  not  al- 
ways been  made  on  shale-oil  residuums;  consequently  these  are  not 
given  in  all  the  analyses  in  Table  25. 

On  account  of  the  high  percentage  of  solid  paraffin  wax  in  many 
crude  shale  oils  and  shale-oil  fractions,  it  has  been  found  somewhat 
inconvenient  always  to  determine  viscosities  at  100®  or  180*^  F.  For 
this  reason  some  of  the  viscosities  reported  were  determined  at  140° 
F.  (60**  C).    Viscosities  of  the  crude  oils  arc  also  reported. 

Specific  gravities  of  the  fractions  solid  or  semisolid  at  15.56®  C. 
(60®  F.)  are  determined  with  a  Begnault  specific  gravity  bottle. 

The  dark  color  of  many  of  the  vacuum  fractions  and  of  the  crude 
oils  themselves  makes  the  taking  of  the  cloud  test  impractical.    Con- 


MTh«  bareaa  now  expregses  gravltiM  In  tenns  of  tbe  Ajnertam  Petrolettm  Inatttott 
temlo  t*  ▲.  P.  I.)*  which  la  bMcd  on  the  modnliM  141 JS. 
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sequently  on  those  fractions,  and  on  the  crude,  a  ^'  setting-point " 
test  is  made.  This  method  also  is  of  value  in  that  it  follows  the 
method  used  in  Scotland  and  serves  there  as  an  index  of  the  amount 
of  solid  paraffin  wax  recoverable  from  the  oil.  The  procedure  is  to 
freeze  a  drop  of  the  oil,  of  rather  definite  size,  on  the  tip  of  the  cooled 
bulb  of  a  thermometer,  then  to  invert  the  thermometer,  and  while 
rotating  it  about  a  vertical  axis,  to  allow  the  temperature  to  rise 
at  a  definite  rate  until  the  drop  melts  and  flows  down  the  bulb. 
Unless  the  oil  is  very  tarry  or  asphaltic,  the  setting  point  can  be 
sharply  and  accurately  determined. 

In  addition  to  these  tests,  shale-oil  fractions  resulting  from  the 
distillation  at  atmospheric  pressure  are  combined  and  an  unsatura- 
tion  test  of  the  combined  fractions  is  made.  The  method  used  and 
the  value  of  the  data  thus  obtained  are  discussed  under  the  heading 
^^ Evaluation  of  shale  oils"  (p.  156). 

INTEKPBETATION  07  DISTILLATION  DATA. 

A  discussion  by  Dean  *'  of  the  interpretation  of  the  data  obtained 
by  a  distillation  is  given  below : 

The  methods  employed  by  the  Bureau  of  Mines  for  the  distillation  analysis 
of  crude  petroleum  have  not  beoi  developed  with  the  Idea  of  obtaining  figures 
that  parallel  the  results  of  actual  refinery  practice.  As  refinery  practice  has 
never  been  standardized,  it  has  been  necessary  to  select  a  fundamentally  re- 
producible basis  of  comparison,  rather  than  attempt  to  work  in  terms  of 
yields  and  properties  of  commercial  products. 

The  chief  value  of  the  present  report  lies  in  the  fact  that  it  permits  a  rea- 
sonably adequate  comparison  of  different  crude  oils  on  the  basis  of  fundamental 
physical  and  chemical  properties.    •    •    • 

It  is  believed  while  the  most  satisfactory  use  of  the  figures  involves  a  com- 
parison, there  is  also  a  need  for  some  sort  of  *'  rough  and  ready  '*  Interpretation 
in  ternua  of  commercial  products.  Therefore,  the  author  has  employed  the 
following  classification  which,  even  if  it  has  no  other  Justification,  is  convenient 
because  it  permits  discussion  in  terms  of  **  given  names." 

1.  The  sum  of  all  fractions  distilling  at  atmospheric  pressure  below  200"  0. 
(3d2**  F.)  is  reported  as  gasoline  and  naphtha, 

2.  The  sum  of  all  fractions  distilling  at  atmospheric  pressure  between  200*  QL 
(392°  F.)  and  275*  0.  (527**  F.)  is  reported  as  kerosene, 

3.  The  sum  of  aU  vacuum  distillation  fractions  having  Saybolt  viscosities  (at 
100**  F.)  of  less  than  50  seconds  is  reported  as  gas  oil. 

4.  The  sum  of  all  vacuum  distillation  fractions  having  Saybolt  viscosities  (at 
100"  F.)  between  the  inclusive  limits  of  50  and  99  seconds  is  reported  as 
light  luhricating  distiOate, 

5.  The  sum  of  all  vacuum  distiUation  fractions  having  Saybolt  viscosltes  (at 
100"  F.)  between  100  and  199  seconds,  inclusire,  is  reported  as  medium  lubri- 
cating distillate. 

6.  The  sum  of  all  vacuum  distillation  fractions  having  Saybolt  viscosities  (at 
100*  F.)  of  2(X)  seconds  or  more  is  reported  as  viscous  lubricating  distillate. 


■■  Dean,  B.  W.,  Properties  of  typical  crude  oili  from  the  Baatem  prodncing  fields  of  the 
United  Staiea:  Reports  of  InveatlgationSk  Bureau  of  Mines,  Serial  No.  2202,  January, 
1021,  p.  8. 
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The  suitability  of  a  giTen  type  of  crude  for  producing  cylinder  atodk  hu 
been  aflsnmed  to  be  approximately  in  inverse  proportion  to  the  percentage  of 
carbon  obtained  by  the  Gonradson  carbon-residue  test  made  on  tbe  residaim 
from  the  yacanm  distillation.  This  carbon-residne  test  nndovibtedly  does  not 
ten  the  whole  story,  but  its  general  valoe  is  indicated  by  the  fact  that  Peon- 
aylvania  and  West  Yirginia  erodes  show  carbon  residue  of  resldoum  llgnreB 
between  1  per  cent  and  3  per  cent  while  the  corresponding  figures  for  Kentnckj 
crudes  are  from  5  to  8  per  cent  and  for  California  crude  from  13  to  20  per 
cent  Pennsylvania  and  West  Virginia  crudes  are,  of  course,  r^arded  as  the 
most  suitable  material  for  producing  cylinder  8to<^  whereas  it  is  made  fron 
oil  of  the  type  of  Kentucfcy  crude  only  through  the  use  of  qpedal  proce«seB»  and 
from  average  California  crudes  not  at  all. 


Caution  should  be  used  in  interpreting  data  obtained  by  vmcoum  dis- 
tillation of  shale  oils.  Many  of  the  vacaum  fractions  appear  to  haTe 
properties  satisfactory  for  the  production  of  lubricating  oils.  Little 
is  known,  however,  as  to  how  these  fractions  would  stand  refining  or 
how  satisfactory  for  commercial  use  the  refined  lubricating  oils 
would  be.  Many  shale  oils  yield  fractions  with  lubricating  properties 
said  to  be  much  superior  to  those  indicated  by  their  viscosities,  but 
the  whole  question  of  producing  lubricating  oils  from  shale  oils  is  yet 
in  an  indeterminate  state. 

JSVALUATIOH  07  SHALS  0IL& 

Attempts  to  evaluate  shale  oils,  even  for  comparative  purposes  b 
the  laboratory,  involve  both  technical  and  economic  considerations 
With  respect  to  technical  problems,  one  must  consider  and  determine 
the  possible  products  that  can  reasonably  be  expected  from  shale  oils. 
With  respect  to  economic  questions,  one  must  consider  which  of  these 
possible  products  will  be  in  greatest  demand  and  how  cheaply  they 
can  be  placed  on  the  market.  Possibly  in  scnne  parts  of  the  country 
certain  products  will  be  in  greater  demand  than  in  others,  and  a  dis- 
cussion of  how  dieaply  these  products  can  be  produced  and  marketed 
leads  to  a  consideration  of  plant  location,  transportation,  labor  sup- 
ply, and  similar  economic  factors  which  have  been  discussed  in  t 
previous  section  but  present  problems  that  each  plant  must  individu- 
ally solve. 

Inasmuch  as  the  chief  problem  in  the  oil-shftle  work  of  the  Bureau 
of  Mines  is  to  determine  the  conditions  most  favorable  for  the  pro- 
duction from  different  shales  of  highest  yields  of  best  products,  the 
bureau  must  first  consider  what  these  products  are  likely  to  be;  sec- 
ond, determine  the  relative  quantitiee  of  these  products  in  the  oils 
under  consideration ;  and,  finally,  determine  the  relative  amounts  of 
these  products  from  different  diiales.  The  question  has  been  given 
careful  thou^t  and  the  matter  taken  up  with  many  prodnoers  and 
refiners  of  petroleum  in  the  United  States. 
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In  a  previous  section  (p.  119)  the  opinion  has  been  expressed  that 
shale  oils  will  be  of  importance  primarily  as  a  source  of  motor  fuels, 
and,  secondarily,  as  a  source  of  fuel  oils.  Other  products  wUl  prob- 
ably be  of  less  importance,  and  it  has  been  finally  decided  that  shale 
oils  may  reasonably  be  evaluated  on  the  ba^s  of  the  amount  and 
quality  of  motor  fuel  they  will  yield. 

An  analytical  distillation  can  indicate  the  relative  amount  of  mo- 
tor fuel  of  a  given  volatility  to  be  obtained  from  different  oils,  but 
chemists  have  to  be  somewhat  arbitrary  in  selecting  the  range  of  vola- 
tility of  the  motor  fuel,  or,  in  other  words,  its  "end  point."  In 
making  analytical  distillations  of  petroleum  and  shale  oil  it  is  the 
practice  of  the  Bureau  of  Mines  to  stop  the  "  air "  or  atmospheric 
pressure  distillation  when  the  vapor  temperature  in  the  neck  of  the 
fractionating  column  reaches  276*^  C.  The  combined  fractions  dis- 
tilling up  to  this  temperature  are  considered,  for  purposes  of  com- 
parison, as  representing  all  the  gasoline,  crude  naphtha,  and  crude 
kerosene.  The  general  tendency  during  the  past  few  years  has  been 
to  increase  the  boiling  range,  or,  in  other  words,  decrease  the  vola- 
tility of  motor  fuels.  This  tendency  has  been  checked  for  the  present, 
but  if  there  should  be  a  marked  increase  in  the  demand  for  motor 
fuels  it  might  be  renewed  in  the  future. 

No  definite  prediction,  therefore,  can  J3e  made  as  to  the  future  end 
point  of  motor  fuel ;  accordingly  it  has  been  found  most  satisfactory 
for  purposes  of  comparison  to  classify  shale  oils  on  the  basis  of  rela- 
tive percentages  distilling  up  to  275°  C.  vapor  temperature.  This 
distillate  is  generally  spoken  of  as  "  tops."  Thus  the  value  of  a  shale 
oil  as  a  producer  of  motor  fuel  may  tentatively  be  indicated  by  the 
percentage  of  tops  that  can  be  produced  from  it.  It  is  to  be  noted 
that  this  is  taken  to  indicate  the  quantity  of  crude  motor  fuel  to  be 
expected  from  a  given  shale  oil. 

Another  point  to  which  attention  must  be  directed  is  the  suitability 
of  this  crude  motor- fuel  fraction  for  refining.  Probably  the  point 
can  be  studied  most  conveniently  by  determining  the  percentage  of 
**  unsaturation  "  ■•  of  this  fraction. 

For  the  purpose  of  this  discussion  the  term  "unsaturates"  or 
"unsaturated  hydrocarbons"  is  taken  to  mean  that  part  of  the  oil 
soluble  in  concentrated  sulphuric  acid  under  the  conditions  of  the 
test  mentioned  above.  If  used  with  this  understanding,  the  term 
"unsaturates"  probably  includes  the  diolefins,  and  part,  but  not 
necessarily  all,  of  the  olefins.    Some  of  the  branched  chain  hydro- 

••  Spedfleatlons  for  petrolevm  prodacta.  Bureau  of  Mines  Tecb.  Paper  a28,  1928,  p.  $7, 
describes  a  method  for  determlnliig  unsaturation  of  petroleum  products.  The  method  for 
shale-oil  dlstjllates  involves  the  use  of  a  bottle  with  different  dimensions  and  three  volumes 
of  aeld  for  ane  of  oil.    The  add  and  oil  must  be  kept  eool  while  mixing. 
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carbons  also  may  possibly  be  sulphonated  under  the  conditions  of 
the  test  The  acid  also  removes  basic  compounds,  and  many  shale 
naphthas  contain  up  to  10  per  cent  of  nitrogen  bases. 

The  term  ^^  saturated  hydrocarbons  "  or  "  saturates  ^  as  used  here 
signifies  that  part  of  the  oil  not  soluble  in  sulphuric  acid  under  the 
conditions  of  testing. 

Just  what  part  percentage  of  unsaturation  will  play  in  the  refining 
of  shale  oil  is  not  clear  at  present.  Certainly  under  conmiercial 
practice  the  refining  loss  of  any  distillate  will  be  much  less  than  the 
absolute  imsaturation  percentage.  However,  it  is  assumed  that  the 
relative  refining  losses  will  be  approximately  proportional  to  the 
respective  percentages  of  unsaturated  hydrocarbons  in  the  oils  under 
consideration.  For  example,  a  shale  oil  containing  50  per  cent  of  un- 
saturated hydrocarbons  will  on  refining  suffer  a  greater  loss  than 
will  an  oil  containing  only  25  per  cent  of  unsaturates,  but  the  loss 
may  not  be  twice  as  great. 

There  is  much  to  be  learned  regarding  the  refining  losses  of  shale 
oils  and  the  relationship  between  refining  loss  and  unsaturation, 
but  for  the  present  and  for  purposes  of  comparison  it  seems  most 
feasible  to  rate  qualities  of  shale  oils  largely  on  the  basis  of  their 
percentages  of  unsaturated  hydrocarbons. 

It  is  very  difficult  to  determine  accurately  by  the  usual  test  with 
sulphuric  acid  the  percentage  of  unsaturated  hydrocarbons  in  a  crude 
shale  oil.  The  acid  tars  produced  under  this  treatment  are  usually 
very  viscous  and  difficult  to  separate  from  the  oiL  On  the  other 
hand,  it  is  relatively  simple  to  determine  this  unsaturation  percent- 
age in  the  tops  and  to  obtain  with  tops  closely  agreeing  results 
in  successive  imsaturation  tests.  Therefore,  and  again  tentatively, 
the  Bureau  of  Mines  compares  the  qualities  of  shale  oils  on  the  basis 
of  relative  percentages  of  unsaturates  in  the  tops  from  the  oils. 

Another  sound  reason  for  classifying  oils  on  this  basis  is  brought 
out  by  the  analyses.  A  low  percentage  of  unsaturated  hydrocarbons 
in  the  tops  generally  indicates  more  desirable  properties  in  the  re- 
maining fractions  of  the  oil.  In  some  oils,  with  the  reduction  of 
unsaturates  the  percentage  of  solid  paraffin  wax  in  the  oil  seems  to 
decrease,  but  even  in  this  case  the  crystalline  structure  of  the  wax 
often  is  altered  in  a  direction  that  would  apparently  facilitate  its 
recovery. 

Knowing  the  amount  of  tops  yielded  by  the  crude  oil  and  the 
quality  of  the  tops  as  indicated  by  the  percentage  of  unsaturates  (also 
the  percentage  of  saturated  hydrocarbons,  since  this  is  obtained  by  sub- 
tracting percentage  of  unsaturates  from  100),  an  index  number  ten- 
tatively evaluating  the  shale  oil  may  be  readily  calculated.  If  per- 
centage of  tops  from  a  shale  oil  be  multiplied  by  the  percentage 
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of  saturated  hydrocarbons  in  the  tops,  the  product  seems  to  be  a  good 
numerical  index  of  the  value  of  that  oil.  If  the  possible  oil  yield 
of  the  shale  has  been  determined  by  a  standard  method,  then  the 
crude-oil  yield  of  the  shale,  calculated  to  gallons  per  ton,  multiplied 
by  this  index  number,  gives  another  niunber  which  may  be  used  as 
an  index  of  the  value  of  the  shale  for  the  production  of  motor  fueL 

It  should  be  repeated  that  this  system  of  classification  does  not  take 
into  consideration  the  value  of  the  oil  other  than  as  a  producer  of 
motor  fuel,  although,  as  noted,  a  high  yield  of  the  motor-fuel  fraction 
coupled  with  a  low  percentage  of  unsaturates  in  this  fraction  is 
reflected  in  the  quality  of  the  other  fractions  from  the  oil.  Likewise, 
the  system  does  not  take  into  consideration  the  absolute  volatility 
range  of  the  motor-fuel  fraction  or  the  percentage  of  sulphur  in 
the  oil.  These  matters  reqmre  further  study,  and  perhaps  the  method 
will  require  revision  when  these  factors  are  properly  taken  into 
account.  Nevertheless,  the  method  has  been  found  extremely  useful 
to  the  bureau's  chemists  in  their  oil-shale  investigations,  especially 
in  studying  a  particular  shale. 

An  application  of  the  method  described  above  may  be  given. 
Consider  two  shales,  one  yielding  50  and  the  other  35  gallons  of 
crude  oil  to  the  ton.  The  oil  from  the  first  yields  38  per  cent  of  tops 
containing  55  per  cent  of  unsaturates  (45  per  cent  saturated),  and 
the  other  35  per  cent  of  tops  containing  40  per  cent  of  unsaturates 
(60  per  cent  saturated).    First,  the  oils  are  evaluated: 

Relative  value  of  oil  from  sbale  No.  l=^3SX0.45==17.ia 
Relative  value  of  oil  from  shale  No.  2=^85  X  0.60=^21.00 

If  the  shales  themselves  are  to  be  evaluated,  the  numbers  obtained 
as  above  are  multiplied  by  the  respective  crude-oil  yields  of  the  two 
shales: 

Relatiye  value  of  shale  No.  1=17.10X50=855. 
Relative  value  of  shale  No.  2=21.00X85=735. 

Investigations  now  under  way  may  develop  a  method  for  evaluat- 
ing the  heavier  fractions  of  shale  oils.  The  Conradson  carbon-resi- 
due percentages  of  the  vacuum  residuums  may  possibly  be  used  for 
this  purpose,  once  the  relationship  between  this  and  the  quality 
of  the  heavier  fractions  has  been  determined. 

Distillation  analyses  of  typical  shale  oils  are  presented  in  Table  25, 
following.  Sample  101  is  oil  made  from  Scottish  shale  by  Bureau 
of  Mines  assay  retorts  and  sample  102  is  oil  produced  by  commercial 
retorts  in  Scotland.  The  analysis  of  a  typical  Pennsylvania  crude 
oil  (sample  1107)  is  included  for  purposes  of  comparison  between 
typical  shale  oils  and  a  typical  high-grade  petroleum.  The  other 
analyses  are  discussed  and  some  conclusions  drawn  from  them  in 
the  pages  following  the  table. 
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Tablc  2SL—Di9tilkUum  QmOyset  of  shale  oflL 
Sample  No.  S06a. 


Shale  from  Grand  Valley,  Cola 
Bp&cUh  gravity  of  oil,  0.89L 
Vlaoosity  at  190*  F.,  45i 
Percentage  of  tops,  53^ 
Percentage  of  water,  trace. 
Retort:  Horixontal  rotary.   Firat 
tion  of  oiL« 


Gravity.  *  A.  P.  L,  27.3. 
Setting  point,  18*  a  (65*  F.). 
Unsatoration  of  toip8»  per  cent,  4Ql7. 
Index  No.  of  oil,  3L55. 


IMctillAtloii,  BvBftm  of  Xiaes,  Hempel  Bwtliod. 


Air  dlsttHntlcD-  Baranetflr.  casmm.    Flnt  drop,  47»  C.  (U7«  F.). 


C. 


TuBpefStiire,  *  P. 


0pto5O. 
«>-75... 
75-100... 
100-125.. 
12S-150.. 
150-175.. 
175-200.. 
200-225.. 
22S-2S0.. 
290-275.. 


Uptol22 

m-167... 

167-212... 
212-257... 
257-302... 
302-347... 
347-392... 
392-437... 
437-I82... 
4S2-527... 


Po-oeat 
eat. 


Tr. 

L2 
L9 
4.0 
0.1 
7.9 
«l3 
&1 
&5 
0.2 


Samper 
oeot. 


1.2 
3.1 
7.1 
1&2 
2L1 
27.4 
35l5 
44.0 
53.2 


Specific 
gravity 
of  cut. 


I 


a728 

.738 
.782 
.810 
.834 
.855 
.874 
.884 


*  A.  P.  I 
of  eat. 


62L9 

55.2 
4a5 
43.2 
3&2 

34.0 
30.4 
2&6 


Vificositv 
atUQPF. 


Voeaam  distUlatian  at  40  mm. 


Up  to  200 
200-225... 
22S-2fiO... 
250-275... 
275-300... 


Up  to  302 
3ro-437... 
437-Ma... 
482-527... 
527-572... 


Su6 

3w6 

asoi 

27.3 

30 

6.1 

0.7 

.arr 

24.5 

46 

6.0 

15l7 

.922 

22.0 

57 

4.7 

20.4 

.940 

lOLO 

82 

7.6 

2&0 

.058 

16.2 

2U 

IS 

94 


Bosldnam:  Spoeifie  g^vttf  1.008;  oaTboo  rasidno,  par  ceot,  9.4;  reBidnum  ^spbaltke, 

•  Tbli  is  tba  AM  ffeM*ifln  of  oU  ftom  tba  niort  takan  daring  a  nm  in  wliieh  a  total  of  SpSn  0.  & 
oQ  vai  iKodQoad.   This  fcactioa  consistad  of  1,033  e-  c,  or  28^  por  oont  of  tba  total  oU  prodoead. 
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Tabub  25.—DMmaH(m  anoIyMf  of  OuOe  oO— Gontinned. 

Sample  No.  a06b. 


Shale  from  Orand  Valley,  Colo. 
Specific  gravity  of  oil,  0.904. 
Tiacoelty  at  130*  F.,  45. 
Percentage  of  tcpB^  41.9. 
Percentage  of  water,  trace. 
Betort:  Horizontal    rotary.      Second 
fraction  of  oiL* 


Gravity,  •  A.  P.  I.,  25.0. 
Setting  point,  22*  C.  (72'*  P.). 
Index  Na  of  oil,  22iSa 
Unsatnration  of  tops,  per  c^t,  4&1. 


DiitHUtioa,  Bwream  of  lUiiM.  Stempel  BMUiod. 

Air  dIstUIatioa:  Barometer  638  mm.    First  drop  48*  C.  (118*  F.). 


Tempcnture, "  C. 


Up  to  50. 

60-75... 

75-100. . 

100-125.. 

125-150.. 

150-175.. 

175-200. . 

200-225.. 

325-250.. 

250-275.. 


Tunperature,  °  F. 


Up  to  122 
122-107... 
167-212... 
212-257... 
257-302... 
302-347... 
847-4102... 
392-437... 
437-482... 
482-527... 


Percent 
eat. 


Tr. 
1.1 
1.7 
3.5 
4.7 
4.8 
5.3 
6.0 
6.6 
8.2 


Sum  per 
oent. 


1.1 
2.8 
6.3 
11.0 
15.8 
21.1 
27.1 
33.7 
41.0 


Specific 
gravity 
of  cut. 


I 


0.716 

.760 
.788 
.811 
.836 
.858 
.870 
.808 


*  A.  P.I. 
of  cut. 


66.1 

54.7 
4S.1 
43.0 
37.8 
33.4 
29.5 
26.1 


Viaoosity 
at  130*  F. 


SettJoff 
point/»1P. 


Vacuum  distillatiao  at  40  mm. 


Up  to  200, 
200-225. . 
335-250.. 
260-275.. 
275-300.. 


Up  to  302 
392-437... 
437-483... 
482-537... 
537-573... 


3.4 

7.1 

8.3 

11.0 

13.3 


3.4 

0.5 

17.8 

28.8 

42.0 


0.909 
.016 
.928 
.041 
.053 


24.2 
23.0 
21.0 
18.0 
17.0 


40 

48 

65 

107 

253 


Below  32 
41 
60 
76 
01 


Redduam:  Speeifie  gravity  0.993;  carbon  residue,  per  cent,  8.1;  residuum  asphaltie. 

aSeoond  (hu^oQ  from  retort,  1,384  o.  e.  or  38.7  per  cent  of  total  oil  produced  in  run.    See  footnote  U 
nmpleSOfik 
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Tabu  25. — DUtUUMon  onolyMf  of  ahaie  oil-— Oonthraed. 

Sample  No.  806c 


Shale  from  Grand  Valley,  Ck>lo. 
Specific  gravity  of  oil,  0.9025. 
Viscosity  at  130*  F.,  40. 
Percentage  of  tops,  48.0. 
Percentage  of  water,  trace. 
Retort:   Horizontal     rotary, 
fraction  of  oil.* 


Third 


Gravity,  •  A.  P.  I.,  26.0. 
Setting  point.  22**  C.  (71.6*  P.). 
Unsaturatlon  of  topfi,  per  eent»  45.4. 
Index  No.  of  oil,  2021. 


lUstlUati«a»  Bweaa  of  MIiim,  Hempel  anthod. 

Air  distUlattoa:  Barometer,  fi29  mm.    First  drop,  40*  C.  (104*  F.). 


Temperatare,  **  C. 


Up  to  50. 

60-75 

75-100 

100-125 

125-150 

160-175 

175-200 

200-225 

225-250 

250-275 


Temperature,  *  F. 


Up  to  122 
m-167... 
167-212... 
212-257... 
257-302... 
808-347... 
347-392... 
392-437... 
437-4S2... 
482^527... 


Percent 
cut. 


0.7 
2.2 
2.2 
4.7 
5.9 
5.9 
5.6 
6.S 
6.5 
8.0 


Sum  per 
cent. 


0.7 

2.0 

5.1 

0.8 

16.7 

21.6 

27.2 

38.6 

40.0 

48.0 


} 


Speciflc 
gravity 
of  cut. 


0.708 

.744 
.750 
.780 
.815 
.837 
.867 
.887 
.807 


•  A.  P.  I 
of  cut. 


68.4 

58.7 
54.0 

47.8 
42.1 
37.6 
33.6 
28. 0 
26.3 


Visooaitjr 
atl30»F. 


Vacuum  distillation  at  40  mm. 


Up  to  200 
90O-225.. 
22S-2S0.. 
250-276.. 
275-300.. 


Up  to  392 
3W-I37... 

437-4S2... 
482-527... 
627-572... 


Setting 
oinV^. 


pant. 


2.7 

2.7 

0.910 

24.0 

40 

6.7 

9.4 

.024 

21.6 

50 

8.1 

17.5 

.937 

19.6 

63 

8.0 

26.4 

.961 

17.3 

106 

10.4 

36.8 

.962 

15.6 

342 

Belov31 

41 


78 

n 


Residuum:  Specific  gravity,  1.003;  carbon  residue,  per  cent,  14.1;  residuum  asphaltic 

a  Third  fraction  from  retort,  432  c.  c  or  12.2  per  cent  of  total  oil  produced  in  run.  See  footnote  to  sampii 
305a. 
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Tabub  25. — DiBtUUiUon  analifses  of  shale  oO— Oontlnned. 

San^le  Ko.  dOSd. 


Shale  from  Orand  Valley,  Colo. 
Specific  gravity  of  oil,  0.922. 
ViscOflity  at  ISO'  F.,  4a 
Percentage  of  tope,  42.2^ 
Percentage  of  water,  tcaee. 
Retort:  Horizontal    rotary.      Fourth 
and  last  fraction  of  oiL* 


Gravity,  •  A.  P.  L,  22.0. 
Setting  point,  24"  C.  (75*  F.;. 
Uhsaturation  of  tope,  per  cent,  40.8. 
Index  No.  of  oU,  22.0a 


BiitHlatioB,  Buream  of  Xlnet,  Hempel  method. 
Air  distniatioa:  Barometer,  633  mm.    First  drop,  49*  C.  (120*  F.). 


Temperature,  *  C. 


UptofiO, 

50-76... 

75-100... 

100-125.. 

126-15P.. 

150-175.. 

175-200.. 

200-225.. 

225-250.. 

250-275.. 


Temperature,  *  F. 


Up  to  122. 

122-167... 

167-212... 

212-257... 

257-302... 

302-347... 

347-092... 

892-437... 

437-482... 

4S2-527... 


Per  <»iit 
cut. 


1.4 
1.7 
4.1 

5.1 
5.5 
5.5 
6.1 
6.0 
6.8 


Sum  per 
cent. 


1.4 
3.1 
7.2 
12.3 
17.8 
23.3 
29.4 
35.4 
42.2 


Specific 
gravity 
olcat. 


} 


a  731 

.770 
.792 
.819 

.  9(4 
.865 
.886 
.905 


•  A.  P.  I. 
of  cot. 


t2.1 

52.3 
47.2 
41.3 
36.2 
32.1 
28.2 
24.9 


Viscosity 
at  130«  F. 


Setting 
point,  *T, 


Vacuum  distillation  at  40  mm. 


p^  to  200. 

200-225... 

225-250... 

250-275.. 

275-300.. 


Up  to  392 
8^-437... 
437-482... 
482-527... 
527-572... 


3.0 

3.0 

a  916 

23.0 

40 

7.8 

ia8 

.935 

19.8 

49 

&5 

19.3 

.944 

1&4 

63 

ia8 

3ai 

.966 

15w0 

121 

9.0 

39.1 

.980 

12.9 

239 

Below  32 
41 
68 
82 


Residuom:  Spedfie  gravity,  1.021;  carbon  residue,  per  cent,  18.5;  residuum  asphaltJc. 

a  Fourth  liractioa  from  retort,  723  c.  c,  or  20.2  per  cent  of  total  oil  produced  in  run.    See  footnote  to 
sample  306a. 
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OIL  SHAUS. 


Tabus  TI^—DisiiUaHon  analyBes  of  shaie  oil— Gontliiiied, 

Sample  Na  806. 


Shale  from  Grand  Valley,  Cola 
Specific  grayity  of  oil,  0.913. 
Viscosity  at  130'  F.,  53. 
Percentage  of  tops,  34.8. 
Percentage  of  water,  trace. 
Percentage  of  salphur  in  oil,  0.60. 
Retort:  Assay.     Rate  of  oil  produc- 
tion, Ice.  per  minnte.* 


Gravity,  *  A.  P.  L,  28.5. 
Setting  point,  22*  C.  (72*  P.). 
Unsatoration  of  topis,  per  cent,  44.4 
Index  No.  of  oil,  19.85. 
Percentage  of  nitrogen  in  oii«  2.07. 


DictillatioB,  BvBftm  of  Xlaet,  Hempel  mstliod. 
Air  distillation:  Buaneter,  828  mm.    Flnt  drop,  67*  C.  (136*  F.). 


Temperature,  *  C. 


Up  to  50. 

60-75... 

75-100.. 

100-125.. 

125-150.. 

160-175.. 

175-200.. 

200-225. . 

22^250. 

2SO-275.. 


Temperature,  *  F. 


Up  to  122. 
125^-167... 
167-212... 
212-257... 
257-302... 
302-347... 
347-392... 
392-137.,. 
437-482... 
482^527... 


Per  cent 
cut. 


as 

1.0 
2L2 
4.1 
4.6 
4.8 
&4 
&6 
7.0 


Snm  per 
cent. 


as 

1.S 

8.5 

7.6 

12L2 

las 

22.2 
27.8 
84.8 


Spedflc 
gravity 
of  cut. 


I 


a745 

.782 
.810 
.837 
.850 
.870 
.800 


•  A.  P.  I, 
of  cat. 


58.4 

4a5 

43.2 
S7.6 
85.0 
31.1 
87.6 


VbCQSitT 

at  ISO*  F. 


Setting 
oint,*r. 


point 


Vacuum  distlliation  at  40  mm. 


Up  to  200. 

300-225.. 

225-250.. 

260-275.. 

275-300.. 


Up  to  392 
392-487... 
437-482... 
482-527... 
527-572... 


4.3 

4.8 

a902 

25.4 

89 

8.2 

1^5 

.920 

22.3 

48 

ia7 

23.2 

.«8 

19.4 

82 

8.2 

8L4 

.953 

17.0 

148 

11.3 

42.7 

.962 

15.6 

241 

Beloir32 
4a 

n 

90 
99 


Resldnam: 
(96*  F.). 


Spedflc  gravity,  0.992;  carbon  residue,  per  cent,  11.6;  resldaum  aiphaltio— aoftena  at  35*  C. 


•  Yield  of  crude  oil  from  shato,  85.73  gallons  per  too;  scrubber  naphtha,  1.17  ganons  per  ton:  spedfie 

Savity  scrubber  naphtha,  0.714  (66.7*  A.  P.  L),  onsaturatlaa,  3lJ8  per  oant.   ScnibMr  naphtha  not 
eluded  in  calculating  index  number. 
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Tablb  25. — DietUlaUon  analyses  of  sliale  oU — Gontinned. 

Sample  No.  S07. 


Shale  from  Grand  Valley,  Colo. 
Specific  graylty  of  oil,  0.901. 
Viscosity  at  130**  F.,  50. 
Percentage  of  tops,  39.0. 
Percentage  of  water,  trace. 
Percentage  of  sulphur  in  oil,  0.53. 
Retort:   Assay.    Rate  of  oil  produc- 
tion,  0.2  c  c.  per  minute.<> 


Gravity,  *  A.  P.  L,  25.6. 
Setting  point,  26"  C.  (79*  F.). 
Unsaturation  of  tops,  per  cent,  39.1. 
Index  No.  of  oil,  2a75. 
Percentage  of  nitrogen  in  oil,  1.79. 


Mrtillstiiiiw  Bittvam  of  XIom,  Hwrnpel  method. 
Air  distUlotion:  Barometer,  689  mm.    First  drop,  fiO*  C.  (123*  F.). 


TemiMrature, "  C. 


Up  to  SO 

50-75..., 

75-100.. 

100-126. , 

125-150.. 

150-175. , 

175-200. . 

200-225.. 

225-250.. 

250-275.. 


Temperature,  *  F. 


Up  to  122. 
122-167... 
167-212... 
212-257... 
257-302... 
302-347... 
347-392... 
392-437... 
437-482... 
482-627... 


Per  cent 
out. 


1.2 

1.1 
2.8 
4.4 
4.8 
5.3 
5.6 
6.4 
7.4 


Sum 


r 


1.2 

2.3 

5.1 

9.5 

14.3 

19.6 

25.2 

31.6 

39.0 


Specific 
gravity 
(rfcut. 


} 


0.712 

.750 
.779 
.803 
.820 
.846 
.868 
.885 


•  A.  P.  I. 
Of  cut. 


67.2 

57.2 
50.1 
44.7 
41.1 
36.8 
31.5 
28.4 


Viscosity 
at  130"  F. 


Setting 
pointT^. 


Vacamn  diatillatlon  at  40  mm. 


Up  to  200 

200-225.. 

225-250... 

260-275.. 

275-300.. 


Up  to  392 

39^437 

437-482 

488-527 

527-572 


4.3 

4.3 

a  895 

26.6 

41 

9.4 

13.7 

.910 

24.0 

50 

9.1 

22.8 

.928 

21.0 

70 

10.4 

33.2 

.944 

18.4 

110 

11.0 

44.2 

.965 

W.7 

190 

Below  32 
43 
05 
81 


Besiduom:  Spedflc  gravity,  0.981;  carbon  residue,  per  cent,  6.1;  reddonm  aapbaftio— Boftena  at  about 
40*  C  (104*  F.). 

«  Yidd  of  crude  oil  from  shale,  34.66  gallons  per  ton;  scrubber  naphtha,  0.80  eallon  per  ton.  Not  enou^ 
scrubber  naphtha  for  unsaturation  or  gravity  determinations.  Scrubber  naphtha  not  included  in  calcu- 
lating index  number. 
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OIL  SHAIA 


Table  25. — DMUlation  analiyses  of  •hale  oO— ContlnnedL 

Sample  No.  208a. 


Shale  from  Soldier  Summit,  UtalL 
Specific  graylty  of  oil,  0.922. 
Viscosity  at  140"  F.,  68. 
Percentage  of  tops,  24.79. 
Percentage  of  water,  trace. 
Retort:  Laboratory   yertlcal.     Steam 

used,  ratio  1:1.    Oil  Is  composite  of 

several  nin& 


Gravity,  •  A.  P.  L,  22.0. 
Setting  point,  87.5'  a  (90*  P.). 
Unsatnratlon  of  tops,  per  cent,  46.3. 
Index  No.  of  oU,  13.8a 


Air  distination:  Barometer,  687  mm.    Ftfst  drop,  66*  C.  (181*  F.). 


Tempeiatme,  *  C. 

Temperature,  *  F. 

Percent 
cot. 

Samper 
oeni 

Specific 
giavity 
of  cot. 

•A.P.L 

of  cot. 

Vlaoosi^ 
at  140*  F. 

Settinc 
pohitT^. 

Up  to  50 

Up  to  122 

60-75 

122-167 

a  87 

.67 
.84 
.84 
2.68 
2.68 
3.98 
5.53 
6.05 

0.67 

1.34 

2.18 

3.02 

5.70 

8.38 

12.31 

17.84 

24.70 

I     0.701 

.814 
.830 
.810 
.858 
.800 

47.4 

42.3 
39.0 
87.0 
83.4 
31.3 

75-100 

167-212 

100-125 

125-150 

212-257 

257-302 

150-176 

302-347 

175-200 

347-302 

200-225. . ........... 

392-437 

225-250 

437-482 

260-275 

482-1527 

Van 

mmdistiU 

TJd  to200.... 

Up  to  392 

1.16 
4.80 
5.84 
8.96 
5.77 

1.16 

5.96 

11.80 

20.76 

26.63 

}     ^^ 
.803 
.028 
.996 

2S.9 

27.0 
21.0 
10.7 

41 

49 
58 
80 

9QO-225    . 

392-437 

22,'t-2fi0     

437-482 

70 

260-275 

482-527 

88 

276-300  ............ 

527-^72 

99 

Beiddanm:  Bpedfle  gravity,  0.091. 
a  Asptaaltic;  no  deflnite  setting  point. 
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Xablb  25. — DUHUatUm  anahnet  of  9hale  oil — Gontinned. 

Sample  No.  208b. 


STiale  from  Soldier  Smnmlt,  Utah. 
Specific  gravity  of  oil,  0.878. 
Viscosity  at  140*'  F.,  80. 
Percentage  of  tops,  39.96w 
Percentage  of  water,  nlL 
Oil   is  part  of  sample  203a,  distilled 
to  coke  once. 


Gravity,  *  A.  P.  L,  29.7. 
Setting  point,  24^*  O.     (75*  P.). 
Unsaturation  of  tops,  per  cent,  43.5. 
Index  No.  of  oil,  22.58. 


BlitilUtioa,  BvrMm  of  ICInet,  Eempel  nethod. 
Air  dIstillatioQ:  Barometer,  699  mm.    Fint  drop,  ao*  C.  <86<*  F.). 


Temperature,  *  C. 


Up  to  60 
60-  75... 
75-100... 
100-125.. 
125-150. . 
150-176.. 
175-200. . 
200-225. . 
225-250.. 
250-275.. 


Temperature,  *  F. 


TTp  to  122 

122-167... 
167-212... 
212-257... 
257-302,.. 
302-347... 
347-392... 
392-437... 
437-182... 
482-527... 


Percent 
cut. 


a75 

.90 

.71 

1.93 

3.18 

5.30 

4.42 

6.70 

7.35 

ia75 


imper 
cent. 


Sum 


a75 

1.71 

2L42 

4.35 

7.43 

ia73 

15.16 

21.85 

29.20 

39.96 


Specific 
gravity 
of  cut. 


a738 


.780 
.808 
.820 
.838 
.853 
.872 


•  A.  P.  I. 
of  cut. 


6a2 


49.9 
43.6 
41.1 
37.4 
34.4 

3a8 


viscosity 
at  140"  F. 


Setting 
point,  •  F. 


Vacuum  distillatioo  at  40  mm. 


Tin  to  200 

Up  to  392 

4.60 
8.70 
8.76 
9.50 
ia35 

4.60 
18.30 
22.05 
81.56 
41.90 

a  881 
.887 
.897 
.926 
.986 

29.1 
28.0 
26.3 
2L3 
19.7 

S9 
42 
48 
84 
70 

200-225 

392-437 

22&-2S0 

437-482 

64 

2SQ_275 

482-527 

84 

275-300 

527-n572 

90 

Residuum:  Specific  gravity,  0.954;  setting  point,  43*  C.  (109*  F.). 
58406"— 23 12 
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OIL  SHAL& 


Tamm  25. — DistiOaiwm  onolyMt  of  shale  M — Obntfamed. 

Sample  No.  200c; 


Shale  from  Soldier  Sommlt,  Utab. 
Specific  gravity  of  oU,  036^ 
Viacosity  at  140"*  P.,  35l 
Percentage  of  topa^  46.42. 
Percentage  of  watar,  nlL 
Oil  is  part  of  sample  203a,  distilled 
to  ooke  twice. 


GraTitar,  *  A.  P.  L,  SZJL 
Setting  point,  20*  a  (68*  F.>. 
Unsaturation  of  tops,  per  cent,  43l2. 
Index  No.  oi  oi]«  2&37. 


DistUlattoB.  Bums  wf  M^am,  Haapel  nwikod. 
Air  distfllaslcn:  BanmuCcr,  6S7  mm.   Rnt  drop  ZT  C.  (89*  F.) 


TUnperatnie,  *  C. 


IfptoSO. 
»-7S... 
75-100... 
100-125.. 
125-150.. 
150-175.. 
175-200.. 
200-226.. 
22^280.. 
250-275.. 


Tempentora,  *  P. 


Percent 
cat. 


nptol22 '  a33 

12a-167 ;  2.33 

167-212 1  LOT 

212-2.57 1  l.»3 

257->i02 1  3.00 

302-3  7 1  4.67 

347-392 1  5.28 

392-37 !  7.44 

43  -  K2 1  9.36 

4«2-527 ,  9-17 


Samper 
cent. 


a33 

2L66 

4.59 

6.52 

9.62 

14.19 

19.45 

26.89 

S6.25 

46.42 


Spedfle 
gravity 
of  cat. 


a  743 

.798 
.805 
.823 
.840 
.851 
.870 


•  A.  P.  Ll 
of  cat. 


58.9 

45.8 
44.8 
4a4 
37.0 
34.8 
3L1 


ViscositT 
at  140"  F. 


Setting 
point,  •  y. 


Vacuum  distillation  at  40  mm. 


^  to  200. 
300-225... 
225-250... 
2BO-275... 

379-aoo... 


Up  to  392 
392-137... 

4.17- ?82... 
482-027... 
527-572... 


5.60 

9.40 

15.20 

13.05 

7.30 


5.60 
15.00 
3a  20 
43.25 
5a  55 


a880 
.886 
.001 
.920 
.982 


29.3 
28.2 
2&6 
22.3 
2a3 


Re^Jdmnn'  Specific  grsvltj,  0J68;  asphaltie;  no  definite  setting  point. 


17 
39 
44 
55 

77 


68 

82 

103 
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Table  25. — DistiUation  anaiifMes  of  thale  oO-^GontliiQed. 

Sample  Na  214. 


Shale  from  Soldier  Summit,  Utah. 
Specific  gravity  of  oil,  0.908. 
Viscosity  at  130*  F.,  45. 
Percentage  of  tops,  34.2. 
Percentage  of  water,  trace. 
Percentage  of  salphur,  1.89. 


Retort:  Assay.     Rate  of  oil  produce 

tlon,  lea  per  minute.^ 
Gravity,  *  A.  P.  I.,  24.3. 
Setting  point,  30"  C.  (86**  F.). 
Unsaturatlon  of  tops,  per  cent,  40.5. 
Index  No.  of  oil,  20.34. 


Dlstlllati«i»  BniMS  ef  XisMf  Hsmpol  aifltliod. 
Air  dlstUUtUn:  Barometer,  630  mm.    Flnt  drop,  56*  C.  (Ul*  F.). 


Temperature,  *C. 

Temperatoia,  *F 

• 

Peroent 

cot 

Samper 
oenC. 

8i>ecifle 
gravity 
of  cut. 

•A.P.L 
of  cut. 

Viscosity 
at  130»  F. 

Setting 
pointr^F. 

Up  to  60. 

Up  to  122 

50-75 

m-167 

1.3 
2.4 
S.2 
45 
44 
&2 
&6 
7.0 

1.0 
43 
7.5 
12.0 
16.4 
21.6 
27.2 
842 

\    a  741 

.777 
.791 
.817 
.830 
.845 
.863 
.879 

50.5 

5a6 
47.4 
41.7 
39.0 
36.0 
32.5 
29.5 

7Jk-ion 

167-212 

100-125 

212-257 

125-150 

257-302 

150-175 

302-347 

175-200 

347-302 

200-225 

392-437 

225-250 

437-482 

250-275 

482^627 

Vacuum  dl5tniatk»i  at  40  mm. 


200-^... 
225-250... 
250-275... 
27fr-300... 


Up  to  392 
3d3-437... 
437-482... 
482-527... 
527-572... 


8.6 
0.1 
&5 
8.5 
12.9 


8.6 
12.7 
21.2 
29.7 
42.6 


a880 
.900 
.920 
.938 
.956 


29.8 
26.7 
22.3 
19.4 
16.5 


42 

48 

62 

113 


83 

64 

73 

86 

102 


Residuum:  Spedfle  gravity,  0.090;  carbon  realdae,  peroent,  9J0r,  restdnnm,  waxy;  setting  point  not  deter- 
mined. 

9  Yield  of  erode  oil  from  shale,  40.5  gaUons  per  ton;  scrubber  naphtha,  l.ll  gaUons  per  ton.  Not  enough 
scrubber  naphtha  tat  unsaturatlon  and  gravity  tests.  Scrubber  naphtha  not  included  in  «»^^u*iiiting 
Index  number. 
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OIL  SHAIM. 


Tabu  2S.— iHtiaiafioii 


of  •Jtal0  oO— Gontiniied. 


Sample  No.  215. 


Sbale  from  Soldier  Smnmlt,  UtalL 
Specific  gravity  of  oil,  0.890. 
Viscosity  at  130*  F..  42. 
Percentage  of  tops,  3&5l 
Percentage  of  water,  noiie^ 
Percentage  of  sulphur,  1.64. 


DialUlatlM, 

AirdistUlattan 


prodo^ 


Betort:  Assay.     Bats  of  oH 

tion,  0.2  c  c  per  mlnnteL* 
Gravity,  *  A.  P.  L,  27 JL 
Setting  point,  26L5*  a  (SO*  F.). 
UnsaturatioQ  of  ti^ia,  per  cent,  39i6. 
Index  No.  of  oil,  7S:2Sk 


m  ef  lUiiM,  Heflvel  neflkod. 

;  634  mm.    Vint  drop,  53*  C.  (127*  F.). 


Tampentun,  *C. 

Tempentore,  *F. 

Pw^ent 
cut. 

Soiii  per 
can. 

Specific 
of  cot. 

•A-  P.  I. 
of  cat. 

ViacositT 
at  130"  F. 

pOiB%  '•! 

Up  to  50 

Up  to  122 

fiO-76 

122-167 

ao 

1.4 
3.3 
43 
44 

47 
&4 
6.6 
7.5 

a9 

^3 

&6 

9.9 

143 

19.0 

244 

31.0 

3&5 

\     a735 

.774 
.793 
.800 
.830 
.845 
.863 
.878 

6L0 

51.3 
47.2 
43.4 
30.0 
36.0 
S2.7 
90L7 

t 

76-100 

100-125 

167-212 

212-257 

125-150 

2S7-3Q2 

150-175 

302-347 

175-200 

347-392 

200-225 

302-437 

, ,               t 

22S-250 

437-482 

482-527 

■ 

2fi0-275  , .    

.    .     . 

Vacvim  distlllatioii  at  40  mm. 


Up  to  200. 
200-226... 
225-250... 
250-275... 
275-300... 


Up  to  393 
392-437... 
437-482... 
482-527... 
627-572... 


5.5 

&5 

a800 

27.6 

38 

B4i- 

a2 

14  7 

.003 

25.4 

45 

» 

ao 

246 

.020 

22.3 

51 

12.2 

36.8 

.941 

1&9 

65 

ia2 

47.0 

.953 

17.1 

104 

Xeddaum:  Spedflc  graTlty,  0.977;  carbon  rMidos,  per  cent,  6.4;  nddutim,  wmzy; 
(ItOT.). 

•  Yield  of  crade  cti  from  shale,  46.61  gallons  per  ton;  scnibbernaplitlia,  1.32  gallons 
»  ^htba  not  Included  in  calculating  inoaz  number. 


ton.  Sac-*' 
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Table  25. — DUHOaUom  amalptet  of  shaie  oU — OoDtimied. 

Sample  No.  801. 


Shale  from  Indiana. 

SpecUlc  gravity  of  oil,  OlMOl 

Viscosity  at  130*  F.,  48. 

Percentage  of  tops,  47.5l 

Percentage  of  water,  trace. 

Percentage  of  sulphur,  2.21. 

Retort :  Assay.  Oil  is  a  mixtnre  from 
several  miscellaneoiis  samples;  pro- 
duced at  rate  of  1  c  c.  per  minute. 


Gravity,  •  A.  P.  L,  19.0. 
Setting  point,  below  0**  C.  (32**  F.). 
Unsaturation  of  tops,  per  cent,  37.7. 
Index  Na  of  oil,  TS^JSSL 


XMstnittlioii,  Buwim  of  lUiiM,  Hempal  flMUioA. 
Air  dfstillatioii:  Buometer,  622  mm.    First  drop,  42*  a  (108*  F.). 


TiBrnpoatare,  *C. 

taapentan,*  F. 

Per  cent 
cot. 

Sam  per 
omt. 

Spedfle 
gravity 
of  cot. 

•A.  P.  I. 
of  cut. 

ViscositT 
atl30"F. 

SettJiiir 
poliit7*T. 

Up  to  50 

Up  to  122 

a? 

1.6 
2.6 
4.6 
4.7 
5.7 
6.2 
6.7 
6.6 
8.1 

a? 

2.3 
4.9 
9.5 
14.2 
19-9 
26.1 
32.8 
89.4 
47.5 

.743 
.768 
.796 
.821 
.847 
.871 
.896 
.990 

6&6 

i8w9 
52.7 
46u5 
40.9 
35.6 
31.0 
26.4 
22.3 

vV-  7S 

l^t-ltfT 

75-100 

167-212 

100-125 

212-257 

12&-150 

257-302 

150-175 

J02-M7 

175-200 

347-392 

200-225 

392-13P 

225-290.. 

437-482 

250-275 

4S^<627 

Vaocom  distillation  at  40  mm. 


Up  to  200 

Up  to  392 

2.1 
9.2 
5.4 
8.3 
8.6 

2.1 
11.3 
16.7 
26.0 
33.6 

0.983 

.960 

.982 

1.001 

1.019 

20.3 
15.9 
12.6 

40 

62 

96 

280 

962 

Below  32 

2(10-225 

392-437 

Below  32 

225-250 

437-482 

Below  32 

250-275 

482-527 

45 

275-300 

627-^72 

67 

Rwldnmn:  Spedfle  gpMtf,  1.062;  eertwa  reddM^  per  ont^  28.0;  residimm,  asphaUku 


172 


OIL  SHAUB. 


Table  25. — DUtiOatian  anahfsea  of  9hale  o<I— Gontlnned. 

Sample  No.  101. 


Shale  from  Scotland. 
Specific  gravity  of  oil,  0.864. 
Viscosity  at  140'*  F.,  41. 
Percentage  of  tops,  87.10. 
Percentage  of  water,  0.62. 
Percentage  of  sulphur,  0.34. 


Retorted  In  Bureau  of  Mines. 
Assay  retort,  2  hours  retorting  time. 
Gravity,  •  A.  P.  I.,  32.3. 
Setting  point,  82'  C.  (90'  F.). 
Unsaturatlon  of  tops,  per  cent,  32.0. 
Index  No.  of  oil,  25.2L 


DUtilUtioii,  Bureau  of  XinM,  EMiipel  method. 
Air  distilletion:  Barometer,  047  mm.    First  drop,  44*  C.  (Ill*  F.). 


Temperature,  *€. 

Temperature,  ^F. 

Per  cent 
cut. 

Bumper 
cent. 

SpeciAc 
gravity 
of  cat. 

*A.  P.  I. 

of  cut. 

Viscosity 
at  140«  F. 

Setting 
pointr^T. 

UDto  50 

XJptol22 

0.160 
.236 
1.18 
2.77 
4.06 
3.82 
4.56 
667 
7.33 
7.67 

0.160 

.405 

1.42 

4.10 

8.25 

12.07 

16.03 

22.20 

2053 

87.10 

0.740 

.770 
.708 
.810 
.826 
.840 
.865 

60.7 

62.3 
46.8 
43.2 
40.0 
87.0 
84.0 

60-75 

M-167 

76-100 

100-125 

167-212 

212-257 

126-150 

267-302 

150-176 

302-347 

176-200 

347-3«2 

200-226 

392-137 

226-260 

437-482 

250-276 

482-^27 

Vacuum  distUlatioD  at  40  mm. 


Up  to  200 

200-226.. 

225-250... 

250-276... 

276-300... 


Up  to  302 
392-137... 
437-482... 
482-^27... 
627-672... 


'2.10 
4.38 
6. 88 
7.30 
0-45 


2.10 

6.48 

12.36 

1066 

20. 11 


0868 
.872 

.874 
.o94 
.808 


81.5 
30.8 
30.4 
26.8 
20.1 


38 
41 
43 
50 
60 


70 
84 
99 


Besiduum:  Spedflc  gravity,  0.068;  setting  point,  46*  C.  (113*  F.). 


ANALYTICAL  DISTILLATIOK  OF  SHALE  OILS. 
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Table  25. — Distillation  analyses  of  sliale  oil — Gontlnned. 

Sample  No.  1Q2. 


Crude  shale  oil  from  Scotland.* 
Spedflc  gravity  of  oil,  0.877. 
Visooslty  at  140*  P.,  43.6. 
Percentage  of  tops,  35.44. 
Percentage  of  water,  0.13. 


Gravity,  •  A.  P.  L,  29.9. 
Setting  point,  28**  C.  (82.4'  F.). 
Unsatnration  of  tops,  per  cent,  31.9. 
Index  Na  of  oil,  24.ia 


PtrtlllftH«i,  BnvBan  of  HHam,  Kmpel  m«thod. 

Air  distillation:  barometer,  644  mm.    First  drop,  49*  C.  (120*  F.) 


Tunperature,  *  C. 


Temperature,  *  F. 


Percent 
cot. 


Simiper 
cent. 


Spedflc 
gravity 
of  cut. 


•A.  P.  I. 
of  cat. 


Visooslty 
at  140*  F. 


Setting 
point,  *  F. 


Up  to  50 
60-76... 
75-100... 
100-125.. 
125-160. . 
150-176., 
176-200.. 
200-226.. 
226-2S0.. 
250-276.. 


Up  to  122 
122-167... 
167-212... 
212-257... 
2.57-302... 
302-347... 
347-392... 
392-437... 
437-482... 
482-527... 


Tr. 

a  IS 

.32 

•  tW 
1.66 
8.00 
6.12 
8.10 
6.65 
8.47 


0.13 

.46 

1.44 

8.10 

6. 10 

12.22 

20.32 

26.97 

35.44 


a  760 

.785 
.807 
.836 
.842 
.857 


64.7 

48.8 
43.8 
39.8 
36.6 
33.6 


Vacuum  distillation  at  40  mm. 


Up  to  200 

Up  to  392 

9  32 
6.27 
7.16 
6.13 
6.07 

9.32 
14.69 
21.76 
27.88 
33.95 

a  871 
.881 
.892 
.902 
.911 

81.0 
29.1 
27.1 
26.4 
23.8 

88 
41 
46 
62 
60 

20O-226. 

392-437 

225-250 

437-482 

76 

250-276 

482^27 

82 

275-300 

627-672 

93 

Besiduum:  Specific  gravity,  0.957;  setting  point,  41*  C.  (106*  F.). 

a  Represents  approximately  90  per  cent  of  the  oil  produced  from  the  ahale.  The  remainder,  10  per  oeot, 
is  recovered  as  scrubber  naphtha  and  is  kept  separate  from  the  crude  in  refining.  If  the  proper  proportion 
of  scrubber  naphtha  were  added  to  the  crude,  the  spedflc  gravity  of  the  mixture  would  be  aoout  0.860  and 
the  index  number  much  higlier. 
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Table  25.'—Di8tiUation  analyHs  of  Penmjflvania  crude  f>e^rolaiM»— Oontlnaed. 

Sample  No.  1107. 


Specific  gravity,  0.812. 
Viscosity  at  140*"  F.,  8&& 
Percentage  of  tops,  52.76. 
Percentage  of  water,  traxae. 


Gravity.  *  A.  P.  L,  42.a 

Setting  point" 

Unsaturatlon  of  tops,  per  ooit,  4.1. 

Index  No.  of  oU,  50.ea 


IHitillAtloBf  BnxMin  of  Mines,  Hempel  msthod. 
Air  distiUAttoii:  BaraneUr,  044  mm.    Pint  drop,  20"  C.  (70°  F.). 


Temperature,  *  0. 


Up  to  50. 
50-76.... 
75-100... 
100-126. . 
125-150.. 
160-176.. 
175-200. . 
200-225.. 
225-250.. 
250-276.. 


Temperstuxe,  *  P. 


Up  to  122. 
122-107... 
167-212... 
212-257... 
257-302... 
302-347... 
347-302... 
302-437. . . 
437-482... 
4ii2-.527... 


Percent 
cut. 


aoo 

1.01 
4.08 
8.20 

6.46 
0.77 
6.82 
0.05 
0.42 
7.40 


Sum  per 
oeni. 


0.00 
2.51 
0.50 
14.88 
20.34 
26.11 
31.03 
38.88 
46.30 
62.76 


Spedflc 
graylty 
of  cut. 


} 


a  074 

.712 
.733 
.752 
.703 
.778 
.780 
.800 
.812 


•  A.  P.  I. 
of  cut. 


78.4 

07.2 
01.6 
607 
64.0 
50.4 
47.8 
45.4 
42.8 


ViflooBity 
at  140"  P. 


Sotting 
point,  •  P. 


Vacuum  distillatioo  at  40  mm. 


Ud  to  200 

Up  to302 

3.33 
7.75 
0.02 
6.37 
6.10 

8.33 
11.08 
17.10 
22.47 
27.03 

a820 
.832 
.841 
.848 
.850 

30.8 
38.0 
30.8 
85.4 
33.2 

30 
40 
46 

61 
07 

20O-225       

3^-437 

225-260       

437-482 

OJ 

250-275 

482-627 

72 

276.^300 

627^72 

86 

Residuum:  Specific  sravity.  0.882;  setting  point,  IS^*  C.  (05<>  P.). 
a  Not  determined. 

concLirsions  based  on  expehtmetttai  BETosTiva  of  on. 

SHALES. 

Below  are  summarized  conclusions  based  on  the  experimental 
retorting  of  oil  shales  by  the  Bureau  of  Mines  in  its  laboratories 
at  Salt  Lake  City,  Utah,  in  cooperation  with  the  department  of 
metallurgical  research  of  the  University  of  Utah,  and  at  Boulder, 
Colo.,  in  cooperation  with  the  State  of  Colorado. 

FRACTIONAL  «  EDUCTION." 

When  an  oil  shale  is  distilled  it  does  not,  as  petroleum  does,  first 
yield  a  light  oil,  and  as  the  temperature  increases,  heavier  oil. 
Although  there  is  a  variation  in  the  quality  of  oil  produced  during 
the  course  of  retorting,  it  is  not  of  the  nature  of  fractional  distilla- 
tion, nor  does  it  appear  to  be  of  such  nature  that  it  can  be  utilized  in 
commercial  work.  There  is  no  evidence  to  support  the  theory  of 
fractional  eduction.  (See  p.  46.)  Analyses  of  samples  305a  to 
805d,  Table  26,  which  were  taken  at  different  stages  of  retorting  ex- 
periment, show  clearly  the  nature  of  the  variation  referred  to. 


CONCLUSIONS  BASED  ON  EXPERIMENTAL  RETORTING. 
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INFLUBNCE  OP  RATE  OF  BETOBTINQ. 

Other  conditions  being  constant,  rapid  retorting — ^rapid  heating 
and  rapid  production  of  oil — favors  high  yields  of  oil;  slow  re- 
torting gives  a  smaller  yield,  but  the  oil  recovered  is  of  better 
quality.  This  is  shown  in  Table  26  below,  and  in  greater  detail  by 
analyses  of  samples  214  and  215  and  306  and  307,  Table  25. 

Table  26. — Summary  of  retorting  experiments  on  oil  shale  from  Soldier  Swnmit, 

Utah — Aaioy  retorts  used,* 


TImA  of  mtmllnK.  hoimfr,^^,,^.,.. ^ 

2 

44.0 

a  801 

84.0 

33.9 

61.0 

8.2 

526 

4 

43.0 
a884 

sas 

36.4 

63.8 

lao 

467 

6 

42.2 

a879 

sao 

37.8 

6&0 

10.3 

458 

8 
41.9 

asm 

29.8 
38.2 
65.3 

las 

454 

10 
4L7 
aS75 
29.0 
38.3 
66.7 

ia6 

452 

20 

41.1 

Speciflcenvity  oioil 

asra 

T^ItllUf  P^nt  nf  nil    'O 

2&A 

Tops  to  276*  C,  p«r  oont 

sao 

SaLuration  of  toDS.  per  cent 

67.3 

Tndflx  inimhe'  « 

las 

TempentOTB  to  finish  distillatioo,  *Cji 

4^ 

•  Ezperimentsl  work  bj  L.  G.  Karriek,  Bnnau  of  MiiiaB  labontorj,  Salt  Lake  City,  Utah. 

b  Tms  is  elapsed  time,  from  heginniiu;  to  end  of  oil  production.  In  all  tests  the  shales  were  completely 
retorted— tbejjr  would  yield  no  more  oil  u  heated  looger  or  to  a  higher  temperatora.  Bate  of  oil  productioa 
constant  duribg  each  test. 

cThisisseooodindazdlseuaMdonp.  168.  It  is  baaed  on  ykldol  crude  ail,  peremtageoftopfl,aadwti> 
ration  of  tops. 

rf  This  is  ttie  temperature  at  which  the  last  ott  dIstlUed  from  the  shale 

Particularly  noteworthy  in  the  above  table  are  the  data  on  tem- 
perature required  to  complete  distillation.  It  is  seen  that  when  the 
shale  is  retorted  rapidly,  the  production  of  oil  is  completed  at  a 
higher  temperature  than  when  the  oil  is  produced  slowly.  These 
results  were  obtained  with  finely  gkound  shale  (minus  one-fourth 
inch).  If  larger  pieces  were  used,  it  is  probable  that  even  higher 
temperatures  would  be  required  to  complete  distillation  in  the  same 
time. 

Other  results  of  rapid  retorting,  as  compared  with  slow  retort- 
ing, are:  A  slightly  smaller  percentage  of  spent  shale,  a  smaller 
amount  of  fixed  carbon  in  the  spent  shale,  a  larger  amount  of  solid 
paraffin  in  the  oil,  and  a  larger  amount  of  nitrogen  in  the  oil  and  less 
in  the  spent  shale.'^  As  to  the  relative  amounts  of  nitrogen  in  spent 
shale  and  of  oil  produced  at  different  rates  of  retorting,  the  dif- 
ferences indicated  as  percentages  in  oil  and  spent  diale  are  not  par- 
ticularly striking,  but  if  calculated  to  actual  weights  of  nitrogen  in 
these  two  products,  especially  when  it  is  considered  that  a  greater 
weight  of  spent  shale  and  smaller  weight  of  oil  is  produced  by  slow 
retorting,  the  differences  indicate  that  rate  of  retorting  may  have 
an  important  influence  on  the  amount  of  ammonia  producible  from 
the  spent  shale  and  on  the  amount  of  basic  nitrogen  compounds 

"  This  seemingly  coatradieta  rcsnlta  obtained  on  Scottish  ahale  by  Beilby.  See  Bellby, 
Q.  T.,  Production  of  ammonia  from  the  nitrogen  of  minerala:  Jour.  Soc.  Chem.  Ind., 
vol.  3,  1884,  pp.  216-224 ;  Jonr.  Roy.  8oe.  Arts,  toI.  33,  1886,  pp.  318-320.  The  writer 
and  his  asaoclatea,  howerer,  have  reached  the  aboye  conclusions  aa  the  results  of  work 
on  representatiye  Americas  shales  and  a  typical  Scettish  shales 
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contained  in  the  crude  oil.  Oils  produced  by  slow  retorting  api)ear 
to  contain  less  sulphur  than  those  produced  more  rapidly,  but  more 
experimental  work  is  required  to  establish  definitely  the  effect  of  the 
rate  of  retorting  on  the  distribution  of  sulphur. 

It  has  been  argued  that  in  these  experiments  other  factors 
than  rate  of  heating  or  oil  production  were  varying.  This  argu- 
ment is  soimd,  since  when  the  oil  is  produced  slowly,  the  velocity 
of  vapors  through  and  from  the  retort  is  lower,  the  average  tem- 
perature to  which  the  vapors  are  exposed  is  lower  than  when  the 
rate  of  production  is  rapid  and  the  degree  of  condensation  and 
redistillation  undoubtedly  is  different.  However,  these  all  depend 
on  the  rate  of  heating,  and  there  appears  to  be  no  practical  means 
of  altering  them  in  any  given  retort  except  by  using  steam  or  a 
scavenging  gas.  As  is  shown  below,  passing  steam  or  nonoxidizing 
gases  through  the  retort,  at  any  given  rate  of  oil  production,  causes 
the  oil  made  to  have  the  characteristics  of  one  produced  at  a  more 
rapid  rate  without  the  use  of  scavenging  agents.  The  writer  and 
his  associates  believe  that  slow  distillation  permits  more  complete 
conversion  of  the  first-formed  bitumen  (see  p.  44)  into  desirable 
oils,  and  when  the  shale  is  retorted  slowly,  that  this  conversion 
takes  place  at  a  lower  temperature  than  under  conditions  of  rapid 
retorting.  They  also  believe  that  in  the  experiments  performed,  tlie 
possible  differences  in  degree  of  condensation  and  redistillation,  and 
the  temperatures  and  the  time  during  which  the  vapors  were  ex- 
posed to  these  temperatures  after  formation  had  relatively  little  to 
do  with  the  amoimt  and  quality  of  oil  produced.  In  larger  retorts, 
however,  where  there  would  be  longer  contact  of  vapors  with  hot 
retort  walls,  longer  exposure  to  possibly  higher  average  temperatures, 
and  probability  of  considerable  refluxing  condensation  and  redis- 
tillation on  account  of  greater  differences  in  temperature  between 
different  parts  of  the  distilling  mass  of  shale,  these  factors  may 
have  important  influences.  The  above  conclusions  have  resulted 
from  work  with  several  different  types  of  small  laboratory  retorts. 

INFLTTEKCS  OF  STBAH  OB  OTHEft  OASBa 

Passage  of  steam  or  other  nonoxidizing  gases  through  the  retort- 
all  other  conditions  being  constant — produces  an  effect  similar  to 
a  more  rapid  rate  of  retorting  without  the  use  of  these  gases. 
That  is,  with  any  given  retort  and  at  any  given  rate  of  oil  production 
the  oil  produced  with  steam  will  have  more  nearly  the  properties  of 
an  oil  made  at  a  more  rapid  rate  without  steam.  The  writer  be- 
lieves that  in  large  retorts,  particularly  of  the  vertical  type,  for 
reasons  given  in  the  preceding  section,  the  quality  and  amount  of 
oil  recovered  would  be  relatively  low  unless  the  retorts  were  steamed. 
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IN  RAPID  DISTDLLATION. 

Steam  in  a  retort  adds  volume  to  the  vapors  and  thereby  gives 
them  a  higher  velocity,  sweeping  them  from  the  retort  so  rapidly 
that  reflux  condensation  is  reduced  to  a  minimum,  and  the  period  of 
exposure  to  high  temperatures  is  very  short.  Mention  has  been  made 
that  the  first  effect  of  heat  on  the  kerpgen  of  the  shale  is  to  convert 
the  kerogen  into  a  bitumen.  Undoubtedly  this  bitumen  is  fluid  at 
the  temperatures  at  which  it  is  formed,  and  therefore  it  is  probably 
held  in  the  pores  and  on  the  surfaces  of  the  shale  lumps.  If  the 
temperature  and  the  rate  of  distillation  are  high,  the  bitumen  will 
rapidly  decompose  into  oil  vapors  and  gas.  These  will  evolve 
rapidly  from  the  shale  and  carry  with  them  a  certain  amount  of  un- 
decomposed  bitumen,  producing  an  oil  containing  a  rdatively  large 
amount  of  undecomposed  bitumen.  This  oil  will  be  relatively  large 
in  quantity,  poor  in  quality,  and  contain  a  relatively  large  percentage 
of  nitrogen.  The  spent  shale  from  such  a  distillation  will  contain 
relatively  small  amounts  of  fixed  carbon  and  nitrogen.  If,  at  any 
rate  of  retorting,  steam  or  other  scavenging  gas  is  passed  through 
the  retort,  the  effect  on  the  undecomposed  bitumen  will  be  that  of  a 
steam  distillation,  and  more  undecomposed  bitumen  will  be  distilled 
than  if  steam  were  not  used.  The  steam  will  protect  the  oil  vapors 
and  undecomposed  bitumen — ^in  vapor  form  and  mechanically  car- 
ried— from  further  decomposition  in  passing  through  the  retort. 

IN  SLOW  DISTILLATION. 

If,  however,  the  shale  is  distilled  slowly — at  a  slowly  rising  or 
even  practically  uniform  temperature — conversion  of  kerogen  into 
bitumei^  will  take  place  slowly,  and  decomposition  of  the  latter  will 
go  on  slowly  and  at  relatively  low  temperature ;  these  conditions  are 
favorable  for  the  production  of  desirable  oil  hydrocarbons,  though  the 
absolute  yield  of  crude  oil  will  be  smaller  than  when  retorting  is 
rapid  Tlius,  with  slow  retorting,  decomposition  of  bitumen  to 
desirable  products  will  be  more  complete,  and  there  will  be  less 
carrying  over,  or  distillation,  of  undecomposed  or  partly  decom- 
posed bitumen.  Possibly  the  bitumen  produced  at  low  temperatures 
will  yield  better  products  than  those  yielded  by  bitumens  formed  at 
somewhat  higher  temperatures  under  conditions  of  rapid  oil  pro- 
duction. 

Thus  the  net  result  of  slow  distillation  would  be  a  somewhat 
smaller  amount  of  oil  than  would  be  produced  by  rapid  distilla- 
tion, but  the  oil  would  be  of  better  quality,  except  for  amount  of 
solid  parafEbs;  the  spent  shale  would  contain  a  smaller  amount  of 
fixed  carbon ;  and  since,  when  the  bitumen  decomposes,  it  appears  to 
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leave  much  of  its  nitrogen  in  the  resultant  coke,  the  oil  would  o: 
tain  less,  and  the  spent  shale  more,  nitrogen. 

In  certain  types  of  retorts,  however,  particularly  those  that  r 
vertical,  the  vapors  might  be  still  more  completely  decomposed  im 
gases  and  undesirable  hydrocarbons,  as  mentioned  before.  Then^i 
fore  the  use  of  steam  would  be  necessary,  and  if  production  m: 
conversion  of  the  bitumen  were  slow  enough  and  took  place  at  Vf^ 
enough  temperature,  the  amount  of  bitumen  steam  distilled  wou!<i 
probably  not  be  enough  materially  to  lower  the  quality  of  the  re- 
sulting oil.  In  any  event,  when  any  definite  amount  of  steam  ;i 
used,  the  quality  of  the  recovered  oil  improves  as  rate  of  distilla- 
tion decreases,  just  as  it  does  when  no  steam  is  used,  although,  as  Iv- 
fore  mentioned,  for  any  particular  rate  of  retorting  with  the  snul 
experimental  retorts  thus  far  used,  better  oil  is  produced  when  stear 
is  not  used,  and  its  quality  decreases  to  some  undetemiined  hmit  a 
the  amount  of  steam  is  increased.  At  the  same  time  the  quantir 
recovered  apparently  increases  in  the  same  relative  proportion. 

The  rate  of  distillation  chosen  and  the  amount  of  steam  used  vii 
thus  depend  on  the  type  and  size  of  retort;  the  kind  of  oil  desired 
whether  nitrogen  is  wanted  in  the  oil,  or  in  the  spent  shale  for  ie.- 
monia  production ;  the  use  to  which  the  spent  shale  is  to  be  pot- 
if  it  is  to  be  used  in  making  water  gas  for  fuel,  the  higher  i^ 
content  of  fixed  carbon  the  better — and  how  much  the  quality  (' 
the  crude  oil  can  be  improved  by  subsequent  refining.  (See  p.  1^- 
The  proper  combination  will  be  determined  largely  by  the  cost  sbff' 
and  will  be  that  which  will  yield  the  largest  profit  per  unit  of  sha^ 
treated. 

INFLUENCE   OF  SIZE  OF  SHALE  BETOBTBD. 

Other  conditions  being  constant,  the  size  of  the  pieces  of  shile 
retorted  has  by  itself  little  or  no  effect  on  the  quantity  and  quaiiiy 
of  the  crude  oil  produced.  If  anything,  the  larger  sizes  yield  a  liu^ 
less  oil  of  somewhat  better  quality  than  do  the  smaller.  HoweTe: 
when  a  piece  of  shale  is  broken  or  crushed,  and  various  sizes  iit 
separated  by  screening,  the  larger  sizes  yield  more  and  better  oil  th&r 
the  smaller.  For  example,  a  Colorado  shale  was  crushed,  and  sept- 
rated  into  four  sizes  by  screening.  The  largest  size  (plus  1  inch 
yielded  oil  at  the  rate  of  about  88  gallons  per  ton,  whereas  tk 
smallest  (minus  10  mesh)  yielded  but  27  gallons.  Though  the  nte 
of  retorting  was  the  same  for  both  samples,  the  finer  shale  yielded  oil 
of  much  lower  quality. 

If,  however,  large  pieces  of  shale  are  crushed  to  small  size,  and  i^ 
of  the  crushed  material  retorted,  the  yield  and  quality  of  oil  will  ^ 
practically  the  same  as  can  be  produced  at  the  same  rate  or  retortinf 
from  the  larger  pieces.    In  other  words,  when  a  shale  is  crushed)  tte 
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leaner  parts  break  more  readily  than  the  richer.  For  this  reason  it 
may  sometimes  be  advantageous  to  pay  no  attention  to  fines  produced 
in  mining  or  crushing,  especially  if  the  retort  used  is  particularly 
adapted  to  treat  shale  in  large  lumps.  Possibly  the  fine  material  will 
be  used  directly  as  fuel  or  gasified  in  producers. 

IKFIrXTBNCE  OF  TYPE  OF  BETOBT. 

From  the  discussion  on  page  177,  it  is  obvious  that  the  design  and 
the  method  of  operation  of  the  retort  have  an  important  effect  on 
the  amount  and  quality  of  the  products  made  from  any  oil  shale.  A 
large  amount  of  experimental  work  must  be  done  before  the  effects 
of  many  factors  of  retort  design  and  operation  can  be  fully  deter- 
mined, but  results  already  obtained  show  clearly  that  by  slight 
changes  of  retort  design  or  retorting  conditions  the  character  of  the 
products  obtained  from  a  given  shale  can  be  materially  changed.  In 
large  commercial  retorts  the  character  of  the  recovered  products  may 
largely  be  determined  by  what  happens  to  the  vapors  after  they  are 
evolved  from  the  shale.  Exposure  of  vapors  to  excessive  tempera- 
tures for  any  considerable  time  or  contact  with  hot  metallic  surfaces 
is  certain  to  have  a  harmful  effect 

QUAIiraY  OF  OIL  PBODUCED  FBOM  DIFFEBBNT  RHATilW, 

As  noted  on  pa-ge  M,  different  shales  retorted  under  identical 
conditions  yield  oils  of  different  quality.  This  is  more  fully  brought 
out  by  analyses  of  samples  214,  306,  101,  and  801,  Table  25.  These 
oils  were  produced  from  different  shales,  as  indicated  in  the  table, 
but  all  were  made  imder  identical  retorting  conditions. 

coKnra  distiiiLatiok  of  shale  oils. 

In  the  experimental  studies  just  discussed,  it  was  noted  that  the 
highest  yields  of  oils  were  produced  from  oil  shales  by  rapid  distil- 
lation, distillation  with  steam,  or  by  a  combination  of  both  methods, 
but  that  the  quality  of  the  oils  recovered  in  these  distillations  was 
lower  than  that  of  oils  produced  by  slow  distillation  or  without 
steam.  The  results  obtained  in  the  early  stages  of  this  investigation 
with  the  retorts  then  used  led  to  the  belief — since  abandoned — that 
possibly  the  beneficial  effect  of  the  slow  distillation  was  due  to  the 
condensation  and  gentle  distillation  to  coke,  within  the  retort  itself, 
of  the  oil  first  produced  from  the  shale.  This  suggested  that  the  oil 
produced  when  highest  recoveries  were  obtained  might  be  redistilled 
to  coke  in  an  effort  to  improve  the  quality  of  the  oiL  Besults  of  such 
redistiUation  are  shown  in  Table  27,  tind  the  characteristics  of  the 
oils  produced  in  one  and  two  coking  distillations  are  shown  in  Table 
25  (samples  203a,  203b,  and  208c). 
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Tabu  27. — Bffect  of  one  and  two  cohing  distiUafiont  on  crude  shale  oil 


Sam- 
ple 
No. 

OIL 

Spedflc 
gravity 

Setttng 

Per 

cant  of 

tops. 

Per 

eentof 

unsa^ 

uratiGB 

tops. 

Index 

No.  of 

ciL 

Spedflc 

gravity 

otn- 

sidu- 

nm. 

Nature  (< 

208a 
203b 

Utah  crude  shale  oil  produced 

with  steam. 
Same— once  run  to  c(to 

a  922 
.878 

.865 

99 
75 

68 

24.79 
39.95 

46i43 

4flk3 
43.5 

43.2 

13.30 

•  22L59 

•  2Bw37 

a  991 
.964 

.988 

Asphaltlc. 

Waxy     8. 

F. 
Asi^iakic 

203c 

Same— twice  run  to  coke 

•  In 
(Seep.  182: 


eoomaring  these  cUs  oonsldeiatica  must  be  given  to  the  quantity  lost  in  the  coking  dlstiTlaticwi^. 


It  is  interesting  to  note  that  the  results  of  a  single  distillation 
to  coke  at  atmospheric  pressure  were  (1)  the  production  of  a  large 
amount  of  still  coke;  (2)  increase  in  the  size  and  volatility  of  the 
motor  fuel  fraction ;  (3)  a  decrease  in  the  amount  of  unsaturates  in 
this  fraction;  and  (4)  an  evident  loss  of  solid  paraffin  wax,  as  indi- 
cated by  the  setting  points  of  the  vacuum  fractions.  A  second  redis- 
tillation produced  only  a  small  amount  of  coke  and  the  changes  in  the 
recovered  oil  were  not  so  great,  but  were  in  the  same  direction  as 
those  produced  by  the  first  distillation. 

The  first  step  in  refining  shale  oil  commercially  in  Scotland  and 
Australia  is  to  run  the  total  crude  from  the  retort  condensers  down 
to  coke  before  fractionation  and  chemical  treatments  are  begun. 
This  procedure  is  said  to  facilitate  the  subsequent  refining  opera- 
tions and  to  give  finished  products  of  better  quality  than  those  ob- 
tained from  a  crude  not  so  handled. 

There  are  several  reasons  why  a  coking  distillation  might  im- 
prove the  crude  shale  oils  in  the  directions  noted.  The  matter  has 
been  discussed  by  several  investigators,  many  of  whom  are  inclined 
to  consider  it  as  something  new  and  mysterious.  In  the  opinion  of 
the  writer  there  is  little  mysterious  in  the  process,  and  eertainly 
nothing  novel,  as  it  is  common  practice  in  Scotland. 

When  the  oil  is  distilled  to  coke,  many  of  the  heavier  unsaturated 
compounds  in  the  oil  probably  break  down,  producing  coke  or 
carbon,  and  lighter  unsaturated  and  saturated  hydrocarbons.  Con- 
sequently, the  percentage  of  light  oils  in  the  recovered  distillate 
would  be  increased,  and  the  total  percentage  of  unsaturates  in  that 
fraction  would  be  increased,  as  the  saturated  oils  originally  in  that 
fraction  would  be  undecomposed,  and  to  them  would  be  added  the 
light  saturated  and  unsaturated  oils  produced  by  coking.  Possibly, 
also,  some  of  the  heavier  paraffins  would  break  down  to  lighter 
paraffins  and  unsaturated  bodies,  and  thus  account  for  the  decreased 
content  of  paraffin  wax.    Botkin"  believes  that  complex  nitrogen 
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bodies  in  the  oil,  possibly  nndecomposed  bitumen,  are  broken  down 
by  such  redistillation  and  yield  a  distillate  with  a  smaller  percentage 
of  nitrogen,  most  of  the  nitrogen  remaining  in  the  coke.  As  the  per- 
centage of  nitrogen  bases  in  the  distillate  would  be  smaller,  and  as 
the  nitrogen  bases  on  decomposing  with  the  elimination  of  nitrogen 
might  be  expected  to  yield  some  saturated  hydrocarbons,  the  loss  on 
treating  the  distillate  with  sulphuric  acid  would  be  less  than  that 
of  the  original  crude.  The  distillate  would  thus  be  more  highly 
^'  saturated  "  (see  p.  158)  than  the  original  crude.  There  is  consid- 
erable experimental  evidence  to  support  this  belief. 

REDISTILLATION  OF  SHALE  OII^  FROM  UTAH  SHALE. 

A  composite  sample  of  shale  oil  (sample  203a,  Table  25)  repre- 
senting several  runs  under  different  conditions  was  used  in  the  ex- 
perimental work.  The  oil  had  been  produced  from  oil  shale  from 
Soldier  Summit,  Utah,  by  retorting  with  steam  and  its  quality  was 
somewhat  inferior  to  that  usually  produced  from  these  shales  by  the 
bureau.  Since  then,  many  similar  tests  with  similar  results  have 
been  made  on  this  and  other  oils. 

This  oil  was  sampled  and  an  analytical  distillation  made.  The 
balance  of  the  sample  was  cut  in  two  portions,  the  first  of  which  was 
distilled  to  coke  in  a  copper  still  at  atmospheric  pressure*  The 
results  of  this  distillation  were  as  follows : 

Percent. 
Oil  used 100.  0 

Oil  recovered 87. 5 

Coke  produced 9. 2 

Lost  as  gas 8. 3 

The  recovered  distillate  or  **  once-run  crude  "  was  subject  to  analyti- 
cal distillation.     (Sample  203b,  Table  25.) 

The  second  half  of  the  original  crude  sample  was  then  run  to  coke 
as  above,  with  the  following  results : 

Per  cent. 

Oil  used 100. 0 

Oil  recovered 87. 0 

Coke  produced 9. 1 

Lost  as  gas 8*  9 

The  oil  recovered  in  this  distillation,  "once-run  oil,**  was  then 
placed  in  another  copper-coking  still,  and  immediately  run  to  coke 
a  second  time,  producing  sample  203c,  **  twice-run  oiL** 

The  results  of  this  second  coking  distillation  are : 

Oil  used,  on  basis  of  "once-run  oil,'*  100  per  cent;  on  basis  of 
original  crude,  87  per  cent. 

Oil  recovered,  on  basis  of  "once-run  oil,"  98.1  per  cent;  on  basis 
of  original  crude,  85.3  per  cent. 

Coke  produced  on  basis  "  once-run  oil,"  1.6  per  cent 
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Lost  on  gas  on  basis  *^  once-run  oil,"  0.8  per  cent. 
It  will  be  noted  from  Table  27  that  the  index  nambers  of  the  oils 
used  in  the  redistillation  experiments  are  as  follows: 

Crude  oU 13.  30 

Once-run  oU 22. 59 

Twice-run  oil 26l  37 

To  obtain  a  true  idea  of  the  results  of  the  coking  distillations, 
these  indices  must  be  corrected  for  the  losses  incurred  in  the  redis- 
tillations; 12.5  per  cent  was  lost  as  gas  and  coke  in  the  first  distilla- 
tion and  13  plus  1.9  in  producing  the  twice-run  oil. 

If  the  index  values  given  above  are  corrected  for  these  losses,  the 
numbers  referring  to  the  quality  and  quantity  of  the  original  crude 
become : 

Crude  oil 13. 30 

Once-run  oil 19. 77 

Twice-run  oil l 22. 42 

The  effect  of  a  coking  distillation  is  of  great  importance  in  retort 
design  and  operation  and  deserves  careful  consideration.  A  coking 
distillation  improves  the  quality  of  an  oil  for  refining,  and  the  oil 
will  yield  a  larger  net  amount  of  desirable  refined  light  products, 
not  only  because  the  preliminary  coking  distillation  will  increase  the 
percentage  of  light  distillates,  but  also  because  there  will  be  a  smaller 
loss  in  treating  them.  To  offset  this  improvement  is  the  loss  through 
production  of  coke  and  gas.  Another  manner  of  obtaining  an  oil  of 
good  quality  is  to  produce  it  more  slowly  from  the  shale,  and  this  oil 
in  turn  can  be  further  improved  by  coking  it.  The  effects  of  re- 
distillations or  coking  distillations  can  be  regulated  by  the  method 
of  making  the  distillation — that  is,  by  rate,  degree  of  refluxing 
condensates,  and  use  of  steam,  pressure,  or  vacuum. 

In  the  opinion  of  the  writer,  the  full  application  of  the  effects  of 
coking  distillations  may  result  in  the  design  of  retorts  to  produce  the 
oil  from  shale  as  rapidly  as  possible  and  with  the  use  of  steam,  espe- 
cially if  no  attempt  is  to  be  made  to  produce  ammonia  compounds. 
This  will  result  in  maximum  yield  of  oil;  its  quality  can  be  adjusted 
within  fairly  wide  limits  by  suitable  coking  distillation.  Slower 
retorting  would  produce  results  somewhat  similar,  but  rather  than 
reduce  the  capacity  of  expensive  retorts  for  the  sake  of  quality  of 
oil  it  will  probably  be  cheaper  and  give  more  economical  final  re- 
sults to  run  the  retorts  at  capacity  and  use  relatively  inexpensive 
coking  stills  for  the  production  of  quality.  In  effect  this  will  be  the 
same  as  reducing  the  investment  in  retorting  equipment  per  barrel 
of  oil  produced.  Stills  will  probably  be  cheaper  than  retorts  and 
can  be  controlled  more  readily.  An  economic  balance  will  probably 
be  found  in  the  rate  of  oil  production  and  method  of  redistillation 
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which  will  lead  to  the  highest  economic  returns.     The  by-product 
of  coking  distillations — coke — should  be  easily  marketed. 

SHALE  GAS. 

Tlie  fixed  gases  produced  by  distilling  a  given  weight  of  different 
sliales  naturally  differ  in  volume  and  composition.  Likewise  the 
amount  and  composition  of  the  gas  fi'om  a  given  shale  differ  with 
the  conditions  of  retorting.  Evolution  of  gas  begins  at  a  temperature 
below  that  of  first  oil  production  and  continues  during  the  oil-pro- 
ducing period.  After  all  the  oil  has  been  produced,  the  evolution  of 
gas  drops  off  sharply  and  its  heating  value  decreases,  although  if 
heating  continues  the  shale  will  give  off  gas  for  a  long  time  after  oil 
production  has  ceased.  The  first  gas  evolved  is  often  rich  in  hydro- 
gen sulphide,  but  the  evolution  of  this  undesirable  constituent  drops 
off  as  the  temperature  of  the  shale  increases.  With  some  shales,  how- 
ever, as  much  as  20  per  cent  of  the  total  gas  produced  by  dry  distil- 
lation is  hydrogen  sulphide,  and  all  shale  gases  thus  far  examined 
have  contained  relatively  large  amounts  of  this  substance. 

Investigational  work  has  not  progressed  far  enough  to  permit  re- 
liable conclusions  to  be  drawn  regarding  the  amount  of  gas  evolved 
from  shales  of  different  richness,  or  the  change  in  gas  composition 
through  different  retorting  conditions.    The  Bureau  of  Mines  has 
thus  far  worked  only  with  gas  produced  by  dry  distillation,  and  has 
not  yet  examined  gases  from  retorts  that  are  steamed  during  distilla- 
tion and  in  which  some  of  the  steam  reacts  with  the  carbon  of  the 
spent  shale,  producing  a  rather  low-grade  water  gas.    This  gas  mixes 
with  the  gases  of  destructive  distillation  that  are  evolved  in  another 
part  of  the  retort.    A  large  volume  of  gas  of  low  heating  value  is  pro- 
duced from  the  relatively  lean  Scottish  shales  as  a  result  of  steam- 
ing in  this  manner.    The  composition  and  heating  value  of  Scottish 
shale  gas  is  shown  ori  page  77.     In  Table  28,  below,  is  shown  the 
amount,  composition,  and  heating  value  of  the  gases  from  two  typical 
American  shales.    Sample  No.  1  was  produced  from  De  Beque,  Colo., 
shale  during  the  retorting  tests  in  which  oil  sample  No.  306  (Table 
25)  was  collected;  and  sample  No.  2  was  made  from  Soldier  Summit, 
Utah  shale  when  oil  sample  No.  214  was  produced.    The  oil-produc- 
tion rate  was  constant  and  identical  in  each,  and  the  retorts  were 
heated  to  approximately  the  same  final  temperature  for  30  minutes 
after  oil  production  had  ceased.    Sample  No.  3  also  was  produced 
from  De  Beque  shale  (the  same  shale  used  in  producing  sample  No. 
1) ,  but  the  shale  was  retorted  in  a  horizontal  rotary  retort  used  in  the 
Boulder  laboratory.    The  rate  of  oil  production  was  comparable  with 
that  used  when  samples  1  and  2  were  collected,  and  likewise  the  shale 
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was  heated  to  about  the  same  final  temperature  for  30  minutes  after 
oil  production  stopped.  The  gas  samples  were  scrubbed  to  remove 
hydrogen  sulphide  before  analyses  were  made,  and  results  are  re- 
ported on  hydrogen  sulphide  and  air-free  basis.  The  hydrogen  sul- 
phide percentages  shown  in  parentheses  were  those  of  gas  samples 
drawn  directly  from  the  gasometers  before  the  gas  was  passed 
through  scrubbers  to  remove  hydrogen  sulphide  prior  to  complete 
analysis. 

Table  2S. — Ifature  and  composition  of  typical  oH-shale  gases  produced  by  dry 

distillation. 


Retort  used. 


GttBSUDpleNo. 
Shale 


Volume  gas  per  too  of  shale,  cabie  feet  •. 

OronoBaUng  value  per  cubic  toof 

Analysis: 

Carbon  dioxide  (COt) 

lUuminants  (CnHjD) 

Carbon  monoxide  (CO) 


Oxygen  (Oj)... 
Hydrogen  (Hs). 
Methane  (CHi). 
Ethane  (CsH«). 
Nitrogen  (N«).. 


Total 

Hydrogen  sulphide . 


Assay. 


De  Beque, 

lot  2. 

787 

WI 

Percent. 

17.1 

6.4 

6.4 

0.0 

3&.8 

21.2 

12.3 

0.8 


100.0 
(1.4) 


Assay. 


2 
S<ddier 
Sonunit. 
1,210 
785 
Per  cent, 
11.0 
3.1 
3.0 
0.0 
47.5 
2S.8 
8.7 
0.0 


100.0 
(6.1) 


Horiaootal 
rotary. 


DeBeque, 
lot  2. 
1,120 
1,079 
Percent. 
1S.8 
11.6 
4.4 
0.0 
30.2 
23.5 
l^S 
0.0 


100.0 

U.3) 


•At  0*  C,  and  760  mm.  pressure.    Heating  value  determined  irith  Junker's  calorimeter. 

The  reader  should  note  that  the  gasoline  produced  by  the  frac- 
tionation of  most  crude  shale  oil  does  not  meet  present-day  specifica- 
tions for  motor  fuels,  because  it  is  deficient  in  the  more  volatile 
hydrocarbons.  It  seems,  however,  that  if  the  gases  from  shale  dis- 
tillation are  scrubbed,  the  light  hydrocarbons  recovered  may  be 
blended  with  the  gasoline  from  the  crude  oil  to  produce  a  mixture 
with  a  volatility  range  that  will  comply  with  specification  require- 
ments. 
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has  been  made  to  eliminate  articles  evidently  published  for  promotiop  or 
propaganda  purposes. 

The  Bureau  of  Mines  has  published,  as  Reports  of  Investigations,  Serial  No. 
2277,  a  selected  bibliography  of  oil  shales,  prepared  by  E.  H.  Burroughs, and 
M.  J.  Gavin,  and  issued  September,  1921.  This  bibliography  lists  the  more 
noteworthy  articles  on  oil  shales  that  have  appeared  in  tha  literature  of  the 
years  1915-1920,  and  gives  references  to  standard  pobllcationfl  that  appeared 
previous  to  1915.  A  total  of  295  refferences  is  listed,  and  although  the  bibli- 
ography does  not  pretend  to  be  complete,  in  the  opinion  of  the  writer,  it  eontalns 
references  to  the  most  important  articles.  From  time  to  time  this  bibliography 
will  be  revised.  Copies  may  be  obtained  by  applying  to  the  Director,  Bureau  of 
Mines*  Washington,  D.  C,  for  the  most  recent  revision  of  the  Bibliograi^y  of 
Oil  Shale. 

*  * 

Abraham,  Herbert.  Asphalts  and  allied  substancea  Their  occurrence*  modes 
of  production,  uses  in  the  arts,  and  methods  of  testing.  New  York,  2d  ed., 
1920.  608  pp.  Includes  chapters  on  pyrobituminous  shales  (pp.  168-164), 
giving  their  occurrence  and  properties;  and  on  shale  tar  and  shale-tar* 
pitch  (pp.  216-224),  giving  distillation  methods  and  products. 

Aldcbson,  v.  0.  The  oil-shale  industry.  New  York,  1920l  175  pp.  Chapters 
on  the  nature,  origin,  and  distribution  of  oil  shale,  the  history  of  oil  shale, 
including  Scottish  and  American  Investigations,  mining  of  oil  shale,  retort- 
ing and  reduction,  experimental  and  research  work,  economic  factors,  and 
the  future  of  the  industry.    Ck)ncludes  with  a  selected  bibliography. 

The  oil-shale  Industry  in  Scotland  and  England.    Colorado  School  of 

Mines  Quarterly,  voL  15^  October,  1920.  28  pp.  Used  also  aa  address  before 
the  Independent  Oil  Men's  Association,  September,  1920,  and  published  in 
somewhat  abbreviated  form  in  the  Railroad  Red  Book,  vol.  37,  October, 
1920,  pp.  891-898,  895,  897-899,  902-^05.  Discusses,  under  Scotland,  the 
occurrence,  mining,  properties,  and  retorting  of  the  shale  and  refining  of  its 
products;  under  England,  the  occurrence,  analysis,  and  properties  of  the 
shale,  and  removal  of  sulphur.  Includes  directory  of  Scottish  and  Engllah 
oil-shale  retorts.  Also  in  Am.  Gas  Eng.  Jour.,  vol.  113,  November  14, 
1920,  pp.  255-260.  Shale  Rev.,  vol.  2,  October,  1920,  pp.  5-7;  November, 
pp.  12-14.  Petroleum  Annual,  1921,  Independent  Oil  Men's  Association, 
Chicago,  pp.  269-279.  Min.  and  Oil  Bull.,  vol,  7»  March.  1921,  pp.  218-216 ; 
April,  pp.  277-280,  299. 
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OuifHnfGHAX-CBiJG,  B.  H.  The  origin  of  oil  shales.  Proc.  Roy.  Soe.  Bdbi- 
bnrgh,  voL  36,  1916,  pp.  44-^86.  Discusses  relation  of  oil  rocks  and  oU 
shales  and  the  composition  of  kerogen  and  oil  shale.  Oondndss  that  oil- 
shale  fields  and  oil  fields  are  closely  connected 

Pat.  D.  BS.  OU  shale.  A  chapter  in  Handbook  of  the  Petroleum  Industry. 
David  T.  Day,  1922,  yoI.  1,  pp.  813-8iR  A  general  dlscassion  of  oil  shales, 
their  origin,  occurence,  methods  of  examination,  mining,  retorting  and 
refining.    Contains  tables  of  analyses  of  shales  and  their  products. 

JSlls,  R,  W.  Joint  report  on  the  bituminous  or  oil  shales  of  New  Bruns- 
wick and  Nova  Scotia,  also  on  the  oil-shale  industry  of  Scotland.  Canada 
Department  of  Mines,  Qeol.  Survey,  1909.  136  pp.  Part  I,  Economics. 
Part  II,  Geology.  Map  No.  1181,  issued  separately  in  1912,  illustrates 
Part  II.  Discusses  at  length  the  oil-shale  industry  of  Scotland.  Describes 
geology  and  mining  possibilities  of  oil  shales  of  New  Brunswick  and  Nova 
Scotia,  giving  results  of  distillation  tests.  French  translation,  1914.  151 
pp. 

B»ixs,  S.  C  Notes  on  the  economic  aspect  of  a  Canadian  oil-shale  industry. 
Canadian  Chem.  Jour.,  vol.  4,  July,  1920,  pp.  181-188.  Statistics  and  sug- 
gestions relating  to  the  development  of  an  oil-shale  industry  in  New 
Brunswick,  with  bibliography  on  oil  shale. 

Frtke,  C.  R.  Cannel  coal  and  carbonaceous  shale  deposits  of  Pennsylyania. 
Separate  No.  1233-P  of  Mining  and  Metallurgy',  February,  1923.  15  pp. 
A  geological  examination  of  the  cannel  coal  and  shale  deposits.  Composi- 
tion of  coals  and  shales  and  oils  derived  from  them  is  described. 

£^NXs,  A  J.  A  symposium  of  studies  and  researches  in  the  oilHBhale  in- 
dustry. Colorado  School  of  Mines  Quarterly,  voL  16,  October,  1921.  76 
pp.  Reprints  of  papers,  by  A  J.  Franks,  as  follows:  Chemical  engineer- 
ing and  economics  in  shale-oil  production,  Chem.  Age,  voL  29,  February, 

1921,  pp.  67-69.  Studies  in  Colorado  shale  oils,  Chem.  and  Met  Eng.. 
vol.  24,  Mar.  30,  1921,  pp.  561-564;  voL  25,  July  13,  1921,  pp.  49-53;  OcL 
19,  1921,  pp.  731-735;  Oct.  26,  1921,  pp.  778-783.  Action  of  steam 
and  gases  on  yields  of  ammonia  from  carbonization  of  shales  and  coal, 
Chem.  and  Met  Bug.,  voL  23,  Dec.  15,  1920,  pp.  1149-1154.  Introduction 
and  bibliography  by  V.  C  Alderson. 

-. AND   GooDiER,    B.    D.    Preliminary   study   of   the   organic    matter    of 

Colorado  oil  shale.    Colorado  School  of  Mines  Quarterly,  voL  17,  October, 

1922,  Supp.  A.  16  pp.  A  study  of  tlie  kerogen,  the  mechanism  of  its  decom- 
position, and  the  products  formed. 

Gavin,  M.  J.  The  neosssity  for  research  in  the  oil-shale  industry.  CShem. 
and  Met  Bng.,  vol.  23.  Sept  8,  1920,  pp.  489^96i  Emphasises  the  im- 
portance of  continuous  experimental  work  on  oil  shales  and  of  working  out 
retorting  and  refining  methods  on  a  scientific  basis.  See  also  Science  and 
Industry.  voL  2,  Decemb<»r.  1920,  pp.  746-760. 

,.  ■  A190  Karrick.  Lb  C.  Nature  of  simie  oil  obtained  froni  oll-shale  assay 
retort  used  by  the  Bureau  of  Minen.  Bureau  of  Mines  Reports  of  Investi- 
gations, June,  1921.  11  pp.  Mimeographed.  Serial  No.  2254.  Describes 
method  of  distillation  analyses  used,  and  gives  tables  showing  detailed 
results  with  shale  oil  from  Scotland,  shale  oil  from  Scottish  shale  by  the 
assay  retort,  shale  oil  from  Soldier  Summit  Utah,  and  Pennsylvania  crude 
ell.  See  also  Oil,  Paint  and  Drug  Rep.,  vol.  100.  July  4,  1921,  Petroleum 
Section,  p.  8.  Salt  Lake  Min.  Rev.,  vol.  23,  July  15,  1921,  p.  17.  Shale 
Rev.,  vol.  3,  July,  1921.  p.  5.    Petroleum  Times,  voL  6,  July  23, 1921.  p.  13S. 
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Gatin,  M.  J.,  Hux,  H.  H.,  and  Pebdew,  W.  K  Notes  on  the  oil-shale  indastry, 
with  particular  reference  to  the  Rocky  Mountain  district,  U.  S.  Bureau  of 
Mines,  May  1,  1919.  51  pp.  General  treatise,  with  bibliography.  Revised 
and  issued  June,  1921,  as  Bureau  of  Mines  Reports  of  Investigations,  Serial 
No.  2256,  36  pp.  Mimeographed.  General  discussion,  with  short  bibli- 
ograpliy.  Includes  description  of  method  and  apparatus  for  assaying  oil 
shale  for  oil  yeild,  by  L.  C.  Karrick;  also  methods  for  the  laboratory  dis- 
tillation of  oil  shale  for  the  determination  of  the  available  yield  of  crude 
oil  and  sulphate  of  ammonia  obtainable  therefrom,  by  E.  M.  Bailey. 

•AivD  Shabp,  L.  H.    Some  physical  and  chemical  data  on  Colorado  oil 

shale.  Bureau  of  Mines  Reports  of  Investigations,  August,  1920.  Serial 
No.  2152.  8  pp.  Mimeographed.  Gives  data  on  the  following  physical  and 
chemical  properties  of  a  representative  Colorado  shale.  Weight  per  cubic 
foot  of  different  sizes  of  shale ;  apparent  specific  gravity ;  specific  heat  of 
raw  and  spent  shale ;  heat  of  combustion  of  raw  and  spent  shale ;  thermal 
conductivity  of  raw  shale;  general  analyses;  oil  yield;  and  heat  of  com- 
bustion of  crude  shale  oil.  Tables  are  also  given  comparing  data  on  oil 
shale  obtained  in  this  investigation  with  similar  data  on  other  substances. 
See  also  Eng.  and  Mln.  Jour.,  vol.  110,  Sept.  18,  1920,  pp.  579-580.  Oil  and 
Gas  Jour.,  vol.  19,  Oct.  1.  1920,  pp.  86-87.  Gas  Age,  vol.  46,  Sept.  25.  1920, 
pp.  21^220.  Oil,  Paint  and  Drug  Rep.,  vol.  98,  Sept.  13,  1920.  Petroleum 
Se<*.,  pp.  28-29.     Oil  News,  vol.  8,  Nov.  5, 1920,  pp.  27-29. 


AND  Sharp,  L.  H.  Short  papers  from  the  cooperative  oil-shale  labora- 
tory. State  of  Colorado  Cooperative  Oil  Shale  Investigation  Bull.  No.  1, 
July,  1921.  68  pp.  Papers  are  on  the  following  subjects:  (1)  The  fuel 
values  of  oil  shale  and  oil-shale  products;  (2)  The  nature  and  composition 
of  shale  gas;  (3)  Production  tables  and  curves  for  shale  oil  as  obtained 
from  the  horizontal  rotary  retort  used  in  the  Boulder  laboratory;  (4)  The 
analytical  distillation  of  shale  oils;  (5)  Thermal  calculations  for  the  re- 
torting of  oil  shales;  (6)  Tabulation  of  factors  and  forranlfle  which  have 
been  found  of  value  in  oil-shale  laboratories. 

Garrett,  T.  C,  and  Smythe,  J.  A.  The  bases  contained  in  Scottish  shale  oil. 
Part  I,  Jour.  Chem.  Soc.,  voL  81,  1902,  pp.  449-456 ;  Part  II,  voL  83.  1903, 
p.  763.  A'  study  of  the  nitrogen-containing  constituents  contained  in.  shale 
oil,  resulting  in  the  recovery  and  identification  of  several  homologues  of 
pyridine  from  Scottish  shale  oil. 

Oeoroe,  R.  D.  Oil  shales  of  Colorado.  Colorado  G«)l.  Survey  Bull.  25.  1921. 
78  pp.  Gives  geology  of  the  Colorado  oil  shales  and  compares  them  as  to 
cKH-urretiee,  composition,  oil  content,  etc.,  with  Scottish  shales.  Discusses 
retorting  and  refining  problems,  and  describes  the  laboratory  study  of 
Colorado  shales  carried  on  by  the  Colorado  Geological  Survey. 

Gray,  Thomas.  The  phenols  from  shale  oil.  Jour.  Soc.  Chem.  Ind.,  vol.  21, 
1902,  pp.  845-847.  Experimental  work  on  recovery  of  phenols  from  Scot- 
tish shale  oils. 

Hamor.  W.  a.,  and  Padget,  F.  W.  The  technical  examination  of  crude  petro- 
leum, petr(»leum  products,  and  natural  gas.  New  York,  McGraw-Hill  Book 
Co.,  Inc.,  1920.  572  pp.  A  manual  prepared  tor  use  of  students  of  hydrocar- 
bon chemistry  and  petroleum  engineering,  being  arranged  with  a  view  to  use 
as  a  laboratory  companion  to  "The  American  Petroleum  Industry,"  by 
Bacon  and  Hamor.     A  chapter   (p.  183-198)   on  oil  shales  discusses  the 
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preUmiimry  examfaiatioD  of  shales,  describes  apparatiis  for  Held  distilla'' 
tion,  and  describes  method  used  at  the  Mellon  Institute  of  Industrial  Re- 
search for  the  assay  of  oil  shales  for  yield  of  crade  olL  Diacaflses  also 
the  examination  of  crude  shale  oil  and  suggests  method  of  reporting 
resnltiL 

Hendebson,  N.  M.,  Crichtoiv,  A.  H.,  and  Bryson,  James.  The  history  of 
shale  retorts  at  Broxburn.  Jour.  Soc.  Chem.  Ind.,  rot  1^  1897,  pp. 
984-992;  discussion,  pp.  992-993;  vol.  18.  1899,  pp.  246-248.  Detailed 
descriptions  and  discussion  of  the  Henderson,  Philipstoun,  and  Pumplier- 
Bton  retorts,  and  the  effect  of  different  retorts  on  the  percentage  and 
character  of  products  obtained  from  oil  shales. 

HosKiN,  A.  J.  Aspects  of  Colorado's  oil-shale  industry.  Proc  Colo.  Sci.  Soc., 
VOL  11,  1922,  pp.  296-^28;  Chem.  Abs.,  toL  16,  1922,  pp.  4334-133&  A 
general  paper.  Discusses  occurrence  of  the  shale  deposits,  mining  condi- 
tions, methods,  and  costs;  various  types  of  retorts  and  the  factors  In- 
fluencing retorting;  economic  considerations  and  costs. 

Jones,  C.  L.  The  problems  of  the  American  shale-oil  industry.  Chem.  aad 
Met  Eng.,  vol  26,  Mar.  22,  1922,  pp.  546-553.  "An  outline  intended 
to  show  briefly  the  present  state  of  our  knowledge  in  various  divisions 
of  the  field  of  oil-shale  technology  and  to  suggest  some  channels  which 
future  investigational  effort  may  take.*'  Considers  (1)  problems  for  pure- 
science  research  and  (2)  technologic  problems. 

Jones,  J.  R.  The  legal  status  of  oil-shale  deposits  on  the  public  domain.  En^. 
and  Min.  Jour.,  vol.  Ill,  Jan.  8,  1921,  pp.  68-69.  Gives  provisions  of  the 
act  of  February  25,  1920,  relating  to  oil-shale  deposits  and  discusses  re- 
quirements of  the  law. 

Kabbick,  L.  C«  a  convenient  and  reliable  retort  for  assaying  oil  shales  for 
oil  yield.  Reports  of  Investigations  Bureau  of  Mines,  March,  1921.  Serial 
No.  2229.    7  pp.    Revised  April,  1922.    Detailed  description,  with  drawing. 

—  Some  factors  affecting  products  from  destructive  distillation  of  oil 
shaleH.  Reports  of  Investigations  Bureau  of  Mines,  February,  1922.  5  ppi 
Serial  No.  2324.  Discusses  influence  of  physical  structure  of  shale  on 
distillation  products,  effect  of  temperature  lag,  and  effiect  of  rate  of  heat 
supply. 

. Effects  of  temperature  and  time  of  reaction   in  distilling  oil  shales 

on  the  yields  and  properties  of  the  crude  oil&  Reports  of  Investigations, 
Bureau  of  Mines,  Serial  No.  2456,  March,  1923,  8  pp.  Mimeographed. 
Report  of  studies  to  determine  effect  of  rates  and  temperatures  of  dis- 
til ling  oil  shales  on  yield  and  quality  of  shale  oil 

LuNT,  H.  F..  and  others.  The  oil  shales  of  northwestern  Colorado.  Colo- 
rado State  Bureau  of  Mines,  Bull  8,  Aug.  1,  1919.  59  pp.  Summarizes 
recent  information  on  oil  shales,  particularly  the  Colorado  deposits, 
descrik)es  areas  in  Colorado  in  which  shale  occurs  and  commercial  con- 
siderations on  mining  and  refining  shale  and  marketing  its  products.  Dis- 
cusses method  of  acquiring  oil-shale  lands,  value  of  such  lands,  and 
mining  regulations  in  the  State.  Concludes  with  bibliography.  See  alao 
Nat  Petroleum  News.  vol.  11.  Oct  29,  1919,  pp.  74-76.  78;  Nov.  19,  pp. 
75-76.  78. 
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♦ 
IfCKEE;  R.  H.,  AND  CrOoiywiN,  R.  T.  A  chemical  examination  of  the  org^anlc 
matter  In  oil  shales.  Colorado  School  of  Mines  Quarterly,  January,  1923, 
Sapp«  A.  41  pp.  Study  in  the  department  of  chemical  engineering,  Colum- 
bia University,  of  the  organic  matter  in  oil-yielding  shales.  Discusses 
theorieis  of  origin,  chemical  composition  of  oil  shales,  nature  of  their  de- 
composition, methods  and  apparatus  used  in  study  of  decomposition, 
and  action  of  solventa  Concludes  with  brief  microscopic  study  and  a 
bibliography. 

AND  Ltdkb,  B.  B.    The  thermal  decomposition  of  shales.    I.  Heat  effects. 

Jour.  Ind.  and  Eng.  Cfaem.,  voL  13,  July,  1921,  pp.  613-618.  Gives  origin 
and  nature,  and  distribution  of  oil  shales  and  their  Importance  as  a  source 
of  petroleum  products.  Describes  experiments  which  have  shown  that 
the  pyrobitumens  do  not  decompose  to  form  oils  as  a  primary  product; 
the  first  substance  produced  is  a  heavy  solid  or  semisolid  bitumen,  from 
which  the  oils  are  formed  by  decomposition  or  cracking.  Brief  bibliography 
appended.  II.  Determination  of  the  heat  of  reaction  involved  in  their 
thermal  decomposition.  Jour.  Ind.  and  Bug.  Chem.,  vol.  13,  August,  1921, 
pp.  678--684.  Describes  experimental  procedure  and  results.-  Also  pub- 
lished as  Engineering  and  Scientific  Paper  No.  6  of  Schools  of  Mines, 
Engineering  and  Chemistry,  Columbia  University,  New  York,  August, 
1921.    32  pp. 

Hnxs,  E.  J.  Destructive  distillation:  A  manualette  of  the  parafiln,  coal  tar, 
resin  oil,  petroleum  and  kindred  industries.  4th  edition.  London,  Ourney 
&  Jackson,  1892.    200  pp. 

AIoRRKTx,  J.  C,  AND  EoLOFv,  GusTAV.  Destructive  distillation  of  oil  shales. 
Chem.  and  Met.  Eng.,  voL  19,  July  15,  1918,  pp.  90-96.  The  economic 
position  of  oil  shales.  Chem.  and  Met  Eng.,  vol.  18,  June  1,  1918,  pp. 
601-607.  Discusses  the  relations  of  the  various  types  of  solids  capable 
of  yielding  oil  either  by  heat  treatment  or  by  the  use  of  solvents:  their 
possible  mode  of  origin  and  their  relation  to  other  solid  hydrocarbons  and 
to  petroleum;  the  economic  distribution  and  treatment  of  oil  shales  and 
uses  of  products.  See  also  Oil  and  Gas  Jour.,  vol.  17,  Aug.  9,  1918,  pp. 
46-^ ;  Aug.  16,  pp.  42,  44-46 ;  Aug.*  23.  pp.  45-48.  Railroad  Red  Book, 
vol.  35,  October,  1918,  pp.  13-19;  November,  pp.  13-20. 

Murray,  A.  L.  Sanitation  In  planning  and  developing  oil-shale  camps.  Reports 
of  Investigations,  Bureau  of  Mines,  July,  1921.  7  pp.  Mimeographed. 
Serial  No.  2256.  Prepared  as  part  of  paper  "  Use  of  water  in  the  oU-shale 
industry,"  by  J.  J.  Jakowsky,  to  be  published  as  Bureau  of  Mines  Tech. 
Paper  324,  1923.    57  pp. 

Petrik,  J.  M.  The  mineral  oils  from  the  torbanite  of  New  South  Wales. 
Jour.  Soc.  Chem.  Ind.,  vol.  24,  1905,  pp.  996-1002.  Discusses  origin  of 
torbanite,  Its  composition,  results  of  a  distillation  test,  and  chemical  ex- 
amination of  the  oil. 

Petrolei'm  World.  Oil  Industry  In  France  and  Al.«!ace.  Iiondon,  vol.  16,  Sep- 
tember, 1919,  pp.  370-374.  Describes  oil-shale  deposits,  methods  of  treat- 
ment, and  yields  of  products. 

Railroad  Red  Book.  Progress  In  the  American  oil-shale  industry.  Vol.  38, 
January,  1921,  pp.  11-21.  Gives  list  of  the  more  important  processes  for 
shale  distillation  and  brief  descriptions  of  15  experimental  plants  in  the 
United  SUtes. 
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Redwood,  Bovebton.  A  treatise  on  petroleum.  London,  C.  Griffith  ft  Co.,  Ltd. 
3d  ed.,  1913.  3  vols.  The  shale-oil  and  allied  industries.  Vol.  II,  sec.  VII, 
pp.  83-139.  A  general  treatise  on  oil  shale.  YoL  III  contains  bibliography, 
including  references  on  oil  shale.  4th  edition,  revised;  London,  Charles 
Griffin  ft  Co.,  1921.    3  vols.,  1350  ppi 

Redwood,  I.  I.  A  practicnl  treatise  on  mineral  oils  and  their  by-pnKlufts, 
New  York,  1914,  36C  pp.  Includes  a  short  history  of  the  Scottish  shale- 
oil  industry,  the  geologic  and  geographic  occurrence  of-  Scottish  shales, 
methods  of  treating  the  shales  and  refining  the  products. 

Reeves.  Joh:v  R.  The  New  Albany  oil  shale  of  Indiana.  Reports  of  Investiga- 
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States 121, 122, 14^151 
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curve  showing 81 

also  .AjmnoDium  sulphate;  OH  shale. 
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of 29 

Scotia,  oil  shales  in 14 

O. 

id  Oil  Co.  (Ltd.),  financial  statements.       04 

nn  assay  retort,  measurement  of 146 
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to 30,31 

curve  showing 31 

to  Reflnlng;  Betortlag;  Shale  oO. 
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definition  of 26 
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kerogen  tn,  composition  of 33,34,30 

miax)8cppic  examination  of 36 

mining  and  treatment  of,  Scottish  prso- 

tice 64-96 

nitrogen  content  of 30 

origin  of 26,34-39 

potash  and  rare  metals  in. 32,33 

Scottish,  finished  products  fhnn 96 

mining  methods  for 58-61 

ultimate  analysis  of 33,34 

aoinbiUtyof 27,28 

Q<shale  companies,  in  United  States,  pro- 

motiODOf 98,99 

U-«hato  dust,  explosibility  of 113,114 

fl-sbale  industry,  history  of 40-96 

in  United  States,  hy-prcducto  from 126-127 

economic  value  of 125 

development  of 136 

eooQamic  problems  of 124,127-130 

estimated  cost  of 134,137-140 

experimental  plants  for,  value  of  labor     137 

nipplyfor 128 
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Piactioe 96,97 

marketing  products  for 120 

outlook  (or 136 

petroleam  industry  compared  with..  134-137 

PoeaibiUUesof 138 

ptobabto  products  of 119,120 

»fl«ing  problems  of 123,124 
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^*«M«hto,needof 127 

«**l>flltyof 135,136 

supplies  for 128 

t»nsporUtlon  for 128,129 
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in  Scotland- 
cost  of  plant  installation  for , 90 

crude  products  ftt>m 70-78 

crushing  methods  of 61 

distribution  of  costs  in 96 

marketing  for 01 

mining  methods  for 58-61 

refined  products  from 87-81 

refining  methods  of 78^88 

retorting  methods  of 62-73 

SDooessof 01 

types  of  retorts  used  in 66-73 

Scottish   practice,    applied    to    United 
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ment leasing  of 108,100,103 

Olefin  series,  of  hydrookrbons,  stmetore  of 42 

Orepuki,  N.  Z.,  oa*«liaIe  plant  at 16 

Orgpanio  matter,  in  oil  shale,  origin  of. S6-V7 
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Paraflln,  Aram  Soottlsh  shale,  yield  of. 64,67 

See  aiao  Wax. 

FaralBn-base  oils,  deslrabaity  of 47 

Faraffln  series  of  hydrocarbons,  stmetore  of..  40 
FaralBn  wax.     See  Wax. 
Pennsylvania,  crude  petroleum  from,  analy- 
sis of. 174 

properties  of 174 

"Pentland"  retort.    8m  Yoong  and  Beilby 

retort. 
Petroleum,  imports  by  United  States,  curve 

showing 6 

in  United  States,  consumptioo  of 4-7 

curve  showing. 5 

increase  of ,  cause  oL 6,7 

estimated  reserve  of 6,8 

new  supplies  of .  sources  of 7 

Peimsylvania,  distillation  analysis  of . . . .  174 

possible  new  supplies  of 7-8 

production  of,  in  United  States 4-7 
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substitutes  for lo 

waste  of 3 
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Pitch,  from  French  oils,  yield  of 17 
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Potash,  in  oil  shale,  amount  of 3t 
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Profit,  in  oil-shale  industry,  sources  of 138,140 

comparison  with  petndeum  industry.  13S 
Public  lands,  oil-shale  deposits  on,  leasing  of. .  IQg 
PuertoUano,  Spain,  c^-shale  production  at . . .  IS 
Pumpherston  Oil  Co.  (Ltd.),  financial  state- 
ments of 04 

tests  of  oU  shale  by 14,16 

Pumpherstoo  retorts,  capacity  of 73 

condensers  for 74,76 

view  of 76 

crude  products  from TV 

efficiency  of 00 

life  of 73 
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Refineries,  large,  advantages  of 129 
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See  also  Scotland,  ofl-sbate  treatment  in. 

Refinery,  layout  of,  importance  of 132, 133 

Scottish,  recovery  of  ammonia  in 75,76 
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methods  in 119,120 

problems  of 122-124 
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for 133 

piping  for 120 
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water  supply  for 131 
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reorganization  of 92,93 
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